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j^/cIjj ^.Aioj {£ l^.i!-Uw* ^SCij i -Xjj-c l?cJ I t>j±3 aJL*,.* oT ^J.*»Aj l^.iJA.j a$T fAjli j ^3^5^ 
Ij 0 ^aA>. <Xi l_,j ij^*«>i (^i^—J i£'^A* A*,& tS»aiAjQiS#» 4,^.J J.J I (3^J j) 

.•■XiST 

(^}^®J^J^ Ia^" ^ Ajyjl' ji JAM>*1 ( Cl***l iX« Aj 1 a<a^ ^iljj liliXx) 


\f 



JI ^?e*v.i ! J , ul*jb AX«*2^j 

L#l «Oib> JfeljpL jjpjj! ^ c£ I ^k«rj * J bgjT ^J.=* J £j} Jfcly*. OjJ «Aj^4 ^t2.*>z* J J 

jL^i) jl ^ U1 Jy. A^b JlAA,*4«jjO ^ L -A .J ik^l J 2 A 9 V* l/M«4 

<r* J t^-sIaO ! A4 1^*0 Ai J*^ J Jo I ^Ja^Ea^ (_j"5 Lrf«*p4 jJ ^iS” ^-£--* kj 

eibix*,! IgiT jl A5sL ajb 

0^?!“ ( iAa&I^Sa. jl^kj.9 Ji 16 J^T A^J U&« AS 1 6<X*.fi£ 

I J I 3 .ji. 5 yj tj^s. Ai *m«*.J U-il fijU-2 <£JJ jl ( - r*A^®l f!>»-l b Ob^&^U 

J i ^ S I 6 Aj b ^aiM I « p.j I Aa^ I J j J O jIaa^ ^ 

, Jim 1a,) l<mAj A) f|>k! Jjl b i G jtA^ApCi^^yb^J Ai q^<A A*,} AaJ ^k»9 O” ^ 

cSUuyb Aj^ki ,$ <£ jJ <^1 ^.*jIj fijbjJ ^ l&X*.**,? t-ilx^^i jJ tj-jlk^ £jI^J oj^Afi 

^Jl j o-?c: Jjye ^9^ l«.: t_-J lk.o (j-sl . Jo I 0 J-2 eJjjT 1 J Jj.*£ 

^jjI t JaS" ^9^ ^J)VkI li«w I ^jJI b _)I aS”" i£ Ie«A*J Ib A)Ia J.4* 

_5 j ^40 Aj AAJjl_-j a J ..0 I j5\i£ k5^ j<i aS^ OI f 

laji.&A4«i Aj jbj ^«A- ^^4T V™jkS"* j ^ ^JokA-M A^^£ Aj IJ^* ^ s ^0-^*5 

t A^-ut t^oT* I 1^ ^5 j IA I y5C^--0 j 

^)Iim5 IxJ a.r AmA^" jArti A^aI? ^5 kj IaS^ |j mW ! ^9 I t III lAAA. I 

Aj l^ I «AaAaS_J J 13 c 5 L 3 .& l5v A*«i jjy.S». i,UI A,j aAa.&i! ^?E5 j> 

l?t a JI J.i f i^AAol l^A*«lj # «,Aj jl^ s 4 (^1^441 OwAmImJ 1^.4 ! J ^4 ^'W im I i-J bj 

IhAaS^ li s £j^.ji ^S?CJJ| J.A^S.A ,5 ^.44I»AiA Ij yj»XAl A.44«Alft ^jj 9^ (J-"L«li *A5^ C1 a44 I 0 «A.4*0 ^*441 

(jbT 4,^»j J.41 f-j j U ^ f ^ J j I «Aj ^_5 v.a3- ^*4 3^a^ 4 ^X^t.jb j (5^* ^y«s! iAjjI^ o>Aaj}.£ ^.5” 
uA^SliS Sk-jlA^^ji ^ ^ 5 [^4 aS^ S*85 J I 4 Ai b A.5^ L-^* 0 1 6^1^ t«3 l*4*i l»C I » ^.aJIS I J.a0 

dlj oW jl *—'' ^ 441 1^a» y*’I^ aa^ I j! (J^\4«I i<*Z a*4i) OtXwCi/ Ol_4 I Axi ik^o 

-^44 (5jj^Ij-4‘I JV^x^I ejbjji ^a>-Ajl-ij f jlj^jL^ 

6 j 1 -i.^ I 4 jT Aj C^"$^ b ^9 ij »^jl*^i *‘A« , *4l^J IJ ^jl L?JJ 

O^" ^j* jly-»*^ (_£l ji ®lj3 

«Ai *& Ij jXi£*l I A- . jjkJ ^.S*J 1_flJjk C- 4^1 ^44-AaIsI Li A+v*k*{b 

>Ai (^'** b***^ I A .4 iA.Xa4< J I (_) Ij I ^ AaauAx&ssAaj J\i jjUt ^jlj I 

t^ <Wf 

t£ j} «Art2il ( < y J l>**<S>. I ^)Ij^?S* 4*4 1 ^ t ^ «Aa 1? I A,44i Aa& U»>**«l ^-S ! JA3»! ^5 <AaaA4/ aS”" 

Aj J c***l A4 jT SjUj«> Af Jo I AX J b Sj t$j *»• tf o b^.J IjtJ Hs.aO aU». jJ fAf 

oirf Ji I AX9^^4 jk) Ij (j£ l.ya.9 jaa*4 jJ O I O b T 

C)b I Ai OJ'X^b A?piT .^rfib (£j&(j} ki-e b Ij _J-* ^1 C-*«l ^^*.-8 AS^iiaJ^J <jIa^ 



Ij l«*t 4 «AjT Obi ^*—i 45" I A) j*p *AAa l«® ui»**il 6>X*ai iA.Za^ 1 

f ^j 2*&Jjj^a(_£I ji ^9J (6J la IaX£ 1 Aa {jljf <-^<*J AXxA <Aa^» (3J! J3J j*» 

( <,£*»■• f.)j,g lAfcl^i. (_£la» <jT C ****!3 3 _/**•! j} 

J ^tjJ I lA C«m 1 Ijjcij 1 j*l*>J Co^'^lsL'O t<l 

d^Ajtf jA, 3^^ jJ < d.**i«ArtAi jJ l<^t«i> i a (^l^i^l O JJjn^ J I 

c^U lj ^■S»» ^lfc& O AS"l^«**«l ^)li^^«> ^ ^3i _j! CaAtuI * Jd/S***.* 

C*j*U 4,a £jl.i hajj ^ C**#^** J fM aSp) la .Aala !j ^alfe^ £ ». f^S" 

((South Wind) s^Uf j.J 4 J.a<o^.c (J-j&tJ Ij <jT ■ib.Aj ^3-* t^l^W 

\ x i3^{j A ur^"^ j* jl (Norman Douglas) 

J>»&\jl ij!i ^A A,r ^>( ^>^1* ^*>M*jkl j*^*"^'* Ak^A)) 

1 Aa I la Axil lsia> L^a ^ Ij^^a I tAa*^! t 1 ^Aal^ 4 <j[ 

J-** 3 <j*^ b ! J AauJki (^Igly*! j .Aalaj-i lj C1 aa* 5!j ^a! la xS<&<& 

• '^'*1$j\ 


ua/S J al^jlfc 

lala»A«%ai oISCaLjIa 


\? 



jy ji J AJ dJbijj t-AiS"” tjjU 

Lj jj ^^^<4iJLpA»Mtj Jij I ! jj (3 

t>- Aj jS 4«j J i C*S 

( 

^ 3 ^a^XS*" * {{£++* I 

CA?BJ l^fiiS {Q t.j^.J.Ss.iv 1 ^.a/s«^ la* j! ijTJ*i a5^Cj b ^bj jt CA** I (_> I A;£. \^J AS" Am Al£> 

^gk A$^ CIomi! Apr^j^j oT {j* 1 j'ZaJs* . LA*<d CS t A*> .£.:>. ^m t J! ^ 

fllj A$* Ij j ^jak~,« ^UjT 17 <jA,A J«,xJ l^i^3 

^JiA> i p j'* , “^;4® ^ Of^A A 1 ^ # A&.i Ajj^,o ^^jA^j Aj A.j I aA-oT cIA-wAj o j 1 Aj I ^ 

{£ 3 J 3^ (^'Ajji.ii 1 , “*^5 6 A/,** J ^I*}^<*I/;J dijj> (Q S ALs^^wO Aj ^.Lfc ^Cj j?cfe ^ O O 

IxS ^j ^jUIa^ aS^^S'^jjAj IJ w^A. ^^»p\ <w)Ia$^AO^j oA^u lSj3^^j^ aT^-J Ua.e 

cJ ^*“ A^ 3*^ Aj <«J»i A^ ^gJ l ^ .^ Qu AJ A (CAmI fi>^*w aS* CAm^ 

* cS b$^ cS 1 a* Aaj ^ 

O^a t Aj 1 ^ ' a~** A-ft^yl? ^fe A-.S'Aj {^ \s'^* Aj jl O 3 o^A^b i 

■AjIj f A 0 b <£L ^yUaAo ol$j £X£Im jA ^jToLjI ; 6 ^ Jifj** fj AaA A$* 

AS"^^^lVii j& *CA®j^A?Ejj,*j ^^kx>4 l*X*«1 \j Ij ^J) uA*wji^ 

i. Clifford 


w 



£jl A**AiA j A A&? 3^. jk l_j j jA Aj AjA^j^,j A jTii lA aA Cj LiI 45'! ji 

AftuSi 3 Ai^aw jl A^Ai<jLi Ctjj.yff A) ^f>Jjk* ^Ufijl^r 

( IjJ li 4 t«A**k J sAA Ia-u -4 6 IJ ^1 *A)^-*I I^aJ I (AAi l^-i t iA)!d>Awi 4 ,*)^^ 

j !^rt< 4 » !^j Ia^jJ j^j ***2* j} i^»iA li IA^*A«A aS"c.—'j-u'o 4A^ 3^ \3 “^ ^Ik^il , AjA^o Aj 

rj*A Ij f ^^a 9 A ^ «>» Aj i*e 1 i- -j^ - 1 *- Aj \k*M (Aj i gAaIav*-® A?cw>*i AS"* i^ ^ La I A ^3^ 

Uf 4^! AmiAaA jA aS^^£>^J.^?} jA 4 £^aa.* > j a 5 "*A^aS jijbu I AjI j ^a.m>!^ i 4 Ajl*« 
i^j ^^La 9 AmAaA li ^ Aif Aa« A&l^>* A AapAaA Ai A.*^ lj AjA^j A^^*e 

.AaA^« kij Ai ^A-slS" lj UiA^iU (jT p,A jti iAjtA ^wiul 

^3^3* <$l$M J £ ^^i-C- )j A*,AAA A.«TA&j 33*. A^:jT jA 4 .S\z»**\ oT be AA^-i 

,lAa*/!A j _^A ^ki _) I AjI*j lj f 1 ? U &..\*,p* be! ^ Lzj jA *Aij b k^d lj 

^j>J A*—5^ l*t**i A^* ^ Aj I*U*JA A^Ac*e AauAaA f l^k ^A I m AAaa^» ^jf aS^ 

OAj-i L (JA 3} ^.g.* i]jA Aj lj te J AAaSCs I j .1 ji A^^y^jUi 45I4-0 3^ A a 

»a;aa tSjU 

J A . A j5" j^ = A I ^». {J* (^**A,jii J A**AAA ^i U.e j A c A Aj T AA**'**'^ Ai>- ^ A 

3 CA*u I ^MtAjjLi i li 4^l&A*« AAfc b) A; ^ l A-*i Af tjl j' ^ cJAft I 

.i*;T (JA-^ifc! _| CAj^l-e Aj OA^J^J 4 -)A j JI 

L&lj*? -T 

3 (^ A?cji^> ^ 4^ 3 ~a**a 3 AliJii AAj Le 4C i^ 1 ^<hC.aX> jt j 

b l^iT 45I—ibAkilj 3^3 ( Ia jv a '- c (ji! j) ^A.^j 4 Aj la AAi AaA.I<m ^X»c.Xa ^ 3I2.M 3 l33is.pL. 

I J A«<& wA*«l eAjls^j 4 ^^ A-.S”" fCA>*ilA^ Ail».i $<A>u>} ^ ^5 vjA^a 

O^" j{ ^ (j£l&Akj J J_$ l>& j*,i 3.X£- ,ij^3*-i AAi li i j U 6 j!_)Ta*.A 3 4 JA J i-AiA’*" > 

A**^ AA-<a«aJ A^Aa A-**Aa& aIaXj ija^aI i A^* jA 0 A A Aa&!^.»a tQ A lv«I j 4 ^ 

l jAkAi j4„5*3^^" l)^^J *5 O^ 3^ 4jS"^ 4^^ ^ 4 ^aIAa<) ^A^S^ 

±,‘>tSL<P3 Al^^s Cj>«\ ia.A. jt ^k; ^iUi i §>1^ *A J> (_ii j^i (j^?r 

jjaa^- \A \ 5^ ^,v 9 .i,»».A s .^ Vftg kx^ ? A^\i )\jS v^ tt|£>ai ^4 aS^ 1 ^!>6k<-u 


*xijS" ^aJil ji a^»jT ^ ^ a\a«Ij 1 i-^UT a-j . \ 

The Thirteen . ji^c b (T. L. Heath) £.-*> Jxi.^^ ^ i ^<1 L<^ i 0 —I** 

jir .(^ \ Yf ujI>- c£***l o 4 ^j aj Books of Budid's Mements 

, W*** I ^j4j L3 J, t wl^ 4 Cl^l J LJmXJ I <3 J ^ L J 

„ l>- C|j*3 L*vS^A j • Y 


\A 



i CIT j,^«XjjJt91 aS* C-*-** I f 3 4 *^a f <s»A»| b*J ^ kn..< jl 

f ^XJ A| *k^ -^ ^ki^AJ ^ ^ j 3 ) C L ^> ife ^jji 

• ^ 3 < 03 ^ <£ l.$l><*tJ lJu j*3 b a»U2 i»_aj j*J kj I Jj^axjj. 5 C»«t O^J> 

^\jB ^.,uiiA*,& k*<£ b .dj!s*A,A«/ ^ j jl 

4,k.£) * OvA iT J 1^* 1 Vs6 ^i. Jj»» jl a >i J &<Ui ^y3 Jaj^ jte-l J b ^l5bj?3 »«-*•** ^ ^ dl^A*U(i 

(_£IkA.L,i!j ^&-jl 4.^ jl5bi l^-« 0^ lj k*Lj «^k.«j r b» •-u 5 * \j* *^^3 ks£.j 

f^wk^fc ^vS^}* <^a <^i)\i)\^ * J*s?® j 1 ^Uaj Ij b \j l&S! *5" -U-ib <C*£b J.J U;u 

I ^*0 3 ^ 0^5* « O ^J* 5 6* 1 J* J ‘ 

«.JuT cA&S^^.jii ^*4r»Aii^ ^ .3^3'^ c^b^k^l 

wJjjAa <A,j .Ajb (j^laL. ^20 . Jvi! tXX &^Is 'J$ e jl-b! Aa t£ 1^.aj jsG 

, 3 i <«I^»-« 1 ^ I ^ 33 ^^ -*>&! ^1 *A-^! +h&i ! 3 ^ ^ 3 ^ 3 3****<4**3 

O 3 ^^ *ki3 jl A_S^ ^Ai j *.j — 0»*«J (£ jl ys {J3 u—O^" ,9 

* um« I o «A*v 

♦ 

y& 3 ^\ <^&sSUp Obi ^ ^ ^ v^V^rV*l ^ V a,A v^mA} y^V^jk».&» 

, OOkJi^i *\s -^ 3 )yOl 3i }\ N « k «i | > 5^ '^’^^" > \} \ 

mi t»»»*>i-Sa>- tS) ^ 3’^ • ^ ■ J ** 3 ^ |»ji 33^ i { t 3*‘'*T^ imiA j J&ii /jJ i b ji b.o 

^«Aj \ «k".b ) ^ J brfrt,^ j 3 J ObF {£ Uj ji j^v& (j%ii3 J» ^^,4.8 J) .5 Aj d,pm.j^i 

iAaAMiIj b za >. 3 0 l ^ 3 ^ *KimJ^ j%i I 3 ^ J bi» |&^^.jl-® _3 ^ ^*-1/ , ^ <S,*i5l^j| 

£jl jl dla «.j.& ,o>i\^WVa ^ V&^^jb Jsa. b ( s\ii\Ai*\ dh („$ljb <kmS 

o«X<*«) t_j!j i\^jl,jk\ 0 4 ^jtOw^^a ^„^.XA-o ^J.b l„J J3^ 5»\^]iA\ «A.J^laj 

b >A,Jjj!j^.« ^3i>. 3 ^ Amm$ 3 3<3> I t—«^-**»*' yi i3a>i3 1 3 ^,j 3 ^ 3 ^ «Aj bj b 

b Ai 33^1 Isy*jk ^Ijoos! j*3 3 $ j& <S 3 *^ 3 ^ . a* 

c£l&: £ ^U j ^ji (^l^k^. jbi 3 


b?” y 1_j 4 ^ ^V° ^l>- 4 Grundlagen der Geometrie ,\ 

jvSvj V^~T 6 ^ e Foundations of Geometry 0)1 j-* jij E. J, Townsend Js^jAj 
(_^1 >i"b oA3 j^aj Aj-f* 1 £*** 1 bj LAA.a^- 1 ^ j \ ° | 4 ^S”" 

, ^ 4 yA ^ L<^»l—s^ I A - a LSsJ».*0 0)^ 1 

uT (jl>- aj ^IST , j> jj^j -4 jISsj bi^b j3 ^l*j> aj Congruent £*£^3+* . \ 

, OU* - 1 oib 3^9 
j \ \ ° c^i -Air <b*\ bbr^ 6*t-e^ . T 

\<\ 



J ( ^hPtt^Aij j L ^ Ai^k^ 


C* 

£il LI 4 0 -«>!j O-wt ^ks£. O-wlj .ki. liLi jf AJL*?La>fc& klfl) Oi>* A^ 0-^* *~* 


^>mj?&£ AaS^ jl^ 5 * ^ Vwi ( C ll A^ { ^J,j A.4 ^.S^O** 41 -^ Ij i «Aj Ij Ij 

^ ^*4ttA<) j \J i J jii aS" ^ |^-jsbi j,a*j} Ai f ^ i>fci 

J-> ^alj k^ j:> j-X.i .11 IaJ A^ w>*v! jl l@- y' ^*p Aj^i A5*"^il A*»^J 

,C*«>J jjjj^s! (£^p Akilj g. £ 3> , ALii>\y.* Vi Vi A?ba^ dlj 

OjU;« ,Y 

Vfepft {jl L—^ ZJi 4.J I A A 

m 

£)£$* w * 3 ^*Ai!$fcA .*2 Qt^j ^1 j,^Aj A^Ai j 0)\>9td.A 

^ j \^j»p (£ i^~o J^*i psi £*+•$ j \Jf i ^ +^**’***£^ 

^L j«i [j |#i^^*c A^,A AaA ^ I A^ dAi4« j 

♦JJIjjaI**. <wijl«X^ f'*"* £*$ * 4,wJ.X& ^i.£» t$UW ^ 

# A>^i\ji jSviA^i Vi l^S* vllij Vi ^i\ji # \ 

4 Ai >ji\^i V^Sn'^J^&CA Va»ji\^i Vi \> VkyNy %V$>yi , >j 

V&%^Va ^.sjfeV^i V&y\y }\ \> Vihji\ji *V£y& ,y 

,Aiy\y 2&i>i£i Vi yki'kV^k.iX y A$ ^iVlkUaj. . ^ 

,0 \ }** ^ >^La**\ y$)y ,^$> , 

« *Aj ["^11**^j^i ((*«wJ » A—^ ^ ^ J aS O” ^ 

, A} jIlAi I^gr*+M JAM ijMii jfo t C^ v a '9 aS^ ^ U) Ajlj I J^I&I A?tJ T jl 

,*y£ b aS \ c •X<+**i A~.i lj ,i *roT o>*"!j 

£^2% *f 

*Ca^^«f _)^j® p" f^*>aI lj (^^AjjLsI 

VkiS.i JJ& Ai Ak-ki y* >\ sLk>*»\) ^ 

.^^j&ViiAVi ^ W<W»\) ^gicvci. Ai ^&Vl,kA W*«»\> kxth. y& v^i\i ,X 

.aWVs ^ V) ^ Ai v^Ni^Vi 
,%i>>^iVy ^>j% V» a^iVS ^VkAi^V) A^.»k aS ^i\ . >^ 

^ oV;^. 5>>V«.i Aij\> 3 ^ V^\ Vi 3 y c*«»\) k.sL 3 ^ ^ ^W=L ^\ aS ^N 

^\^ii*\ ^^Vi^AVi 'y^s >\i kksL^i \ a$ ^ia3 <\^»Vi *.^i Vs 3 ^ )\ ^Vi»c.^d*j> 4 * 

^i\SsiAi Ai>\ji )\y A^iVa Ai3\) 3ii>\ 3 ^- 3 ^ \SVttAi 3 \j «4,S 3“* 



Jji P'y* (3"^^ ^ v" IjlSJiT i^l*^ I 6^jS.> Ju»> 

(s«>*«ii\ ^ j^Ca.5c>,Jfc fcA*S^ ^y * i 

Aj j j ^jJ I I ])\^4 # jS Ol £-« ji ) j L/2.J> JJLj IJaaL ji Ape*Xj ji 

jfcj^ <^j^*p j^a ^J.*? 1 j I ^ s i 3 t O-^l ^ |+^jj k-jlx?” ip j-fr^s>- oLt ji j-Aax ^^?ej 

idlj Ai kii cJ^k j I (jl^j^c I j k>» A J ^ -LM (J>'* kt****#) 

# J^U A^i ±i ^aiw- 4 ^l»?o j Ij di^ iA/*) I^»$ ^ j ^ a a! .3 a!*a*.-o! 

tal w ^+h j&li* ^ ol-pf J*i iJji ) |* f Jp 1 ^jji &J3j*P 

^ ^ ♦ <■ ** t(l $ J[ ^ ^ ^*4 ^ ^ UT j|) ^ 1 -^y^ U, yjy*> 

Jji 

J ui**"! AX»j jj^j ^Ax*m L* A_i a 1*£>V& «j ij A„£” ^.4 jl.u/^^5 (jl^.i ^LUi. J 2A® j *J^MI £A 

{^fdjl^S f^jlg.*. .Jw2lj J X J^ C)IAj k^PE-S aIzaIjA A$A‘S «wil?cj| 

# JI Ai t ^ i Ij i ^Lfe Ai j|Ij A$ AA^^^a ^&"Uj»Xi {^ I A*2 % i J *Asv|jj tj 

,i^<wtf^^ A.+-% ^ J ^?CoJ ^A (3^^ J ^ i "-^^J'^y ( _5* “^*‘'^.9 (jj I 

A,\zAi i£+A*A»' j~ # -i j 1^ »a^T J,jtt j^>- j3 ''^cAJ- ^“-o J^»l 

oT ^li^i 1 «j ^ J*1 1^ 1 1,-.^^ 1 ] ^^uiAjjks!lj a*au>x*a J jti^T 

«Xil*.^!^> ^jk Ha ji J t jj.Ua.> Cj L^>tj j ji j ji j) 0k-« i j 

jiix* L-&ZV?jS «j*Xc ^JjlJ jl-S-ki dlj ^J>jijf££,A .Ajl^)> Ai Sj jT 

J'^' O^Ai J>ji.i A.r^«.A,fc! 


• {***' 


«*f os ji jKf u wa,IIf 4„r (^ja^ ^5l^j5 . 


A& {j£ jt^o ^ J 6 «AAj|^& 5 k. As*-£} ^ 3 <»a 9 £ji 1 t^,X*.<*« 9 _^ C^«a^v .9 

^1^.11 ( £y*,i ^ji ji ji Ai kj.j jA ijpj* >Ajl^ »^J^**(j"* <jJ>jS" j_^Jkk^ 

J <JjUx^ (^l £aj£.aa ojaJJ^) l £<0j9 fji I j& Ai i J.;*5b u»AjS o^^js lU 

iS J j\ J t ^ tjj,a. O l: ^kJ !«J,^Uj ja <J £I 

# «J ^jm^A a£j*.UM ^*aJj,1.9 ! A^uAXA 

l a<Aaa^ji<ui jmi i t C k5^ ^j.s j,j»Aj^^>. I ji 3^*A-*-**^ A^" I tf«A^£ 

ji A^ d-*'Kwj} l>> # Om I 0 J j^J CJ ^ ^ oUl ( ^ i 6»Aji 


Aw«^ i 3i"^ 4 oJ j I t-J t^S*” ^ # \ 

'^J^tS* J-.^.*ijlJi Lj J^AOjL k J^l Jj| Aj ^ir ,Y 

.(uu Key ser . Mathematical Philosophy Aa»».ls t j jtjS . t 


Y\ 



{_] iXa. P I w 1'^ I j l^*«^ 3 3*^ LLsaIa-^ ^*!***^*^ tjl*J ! 

4 j^*$2 1 ji Ij **I a3^S^ Lj*cjL». IJ L.^*La.« jl \J^ 

oT jc$ ok. .. ^AA^. ^ &j.^.A^ 1 *ki tJ" i4f 3 > ^* l-ya* J- 1 L^iSC** oL*„> I ji U! 

Mjj Ar.AjU.3^® ok»> .o*®! ^Ij^t (S ^ <£ jss*-* 

&£ji jt>* elj,ri u ij q$ j a^iaj j^jj jjji ■*$ 

<Aa 3 ^i*J i iAaa wa i ^ J ^ ^A-^-O 

jTj^ (^ b ^ J** A,**>AaA Jl 6 15^ ^ ^ ^ ^5*0 JS C^ ^ # *X*,|tj 0 

ASibjJLUb ^Xls I ' I ^ ^l«3* W%A|J ! ^wrj L^dL^V^U*' ArS^ ^*M l< ^* 

^ ^^JtAtM/d A*ii b <J^1 a,S »S^ j£nS&*^4 ^ b ^1-^ cSU ^< *w > <*.f jl£Lj 

Oi^j^Aj ij £jl jj._J sdij j = 9 ^jil j\il l„3 J?Li jf jA , J.aaa.«& O^ f A j£- 

^ 1 Li ^ aX} m )^3 L*^ j ^ aS** a•.- s«>v*✓• • L,^& ^ ^ L^4*3^ 1 M*il <0 (Jn* «A L5CjI 6«kj^U 

•iA**^ I ^^S?h* ^ J L^aAM I $3^!ijl^i Ai Aa«^S a$ ^ j L^. 33 j b Lvw^M) I 

^^i.yj?i *5f ^|AM i b ^ li b i^ 

^ I^ 3^1 a «^ I I*/©! # o^^>w<^^-4> ^^ 

C^ (J bi ^jj| ! j 1^,3^ LJ J jA I AS jS^I^ *^'& A> 'J) J 1 I C^i^ 

aSsJ$ {J?j9 y+y (js^ j'^’« Lai!jjl jj^l ^!j.». t ^JL* j^-« 1 j d*3j (j^ ^ »L2li 

A_j dij jl C-5^ (JIaiS 1 Jail O'**! 6<Xm tjPj9 cJ&jS*. A?ejT (Jl^kl! 

i ^ ^ **\j «A*>* Lj (^ A^4a nA*«&^ i ^3 * ^ ^7^ ^ ( 3 1 ^ »o [ f 9 l^iai! j Is** _j ! 

h ^-si.a>^€ ! L^J 1 3 ! 3 3^ ! Abo«S^ ^ A*S ^ J^*A 

y*i j]i Laa^i l_& Aj_j! j ^ l^."i,3«. Ajij iA AAsif b !j.3 _^5s^ ^xiiac j! o[.£.;,ao a^.jj!J j 


Aa>^}£j^ ^^UXfiU .p 

■^!3 Oj ^ Aa**^^aJ IJ {ma**I j Ja^> *& *AaS* A tytn* aS^" p3^ 3"^ / 1*^^! 

(3j3 AS^ ^ Ia^W & l<^ I 0 b Jl 2 ^* aS^ jT ^jAA-« US_)J! 

t A ^ 3 IaA..«S Li !j <£2.%» |jLa*«AIj | 

J2 jL» jj’^iS^ c^J?j,a UJI ! j A.it.jA.i! jjj! jLj^j-Jj! cs!^! a.S"3^,j o L-*.jj 



^ Is A j ijl-« J«» ^2^** o2 1 2 J I j® ^*»jiAS I (J> la. Ai (( \_>,*ji\ } >* s»5^ 

J* 5 S A^^p/N YYT J- 5 N ^*«^ vV^^\ ^ ^ jh* ^i\ *A>):> Q\y~t yj 

l^s 02 _ftj jjA^i jl jS jJij& <a.S" ^ ^■ j-^ y ^.i,**«li 6-.jS^*v,i 1 2 

j2y> £+J^A? bjXj O^ 3 i (^ <k " } ^ J ^fth^-eb 23** ^ Ob-a^kl 

*$ \jij j sS)-^ Qci ^)j\ M U*» jUxs^U 

O? jS o jld: i ^l&dkjlj c j»> ( 02 3* ^aIxX-sU 3 Ja*«i (C, l& &}j2.i 1 j Ai £***\ jj^L*,^ (_£ Jj*>;J 

jI jfo t; A 5*" £+.*» 1 M i^»-Mil Jj^jJ k.?'^'^. A** *. j* j Q* '^' f ''*’ 1 1 ^ 3 .3 ,l>wi! 

JLs>.lj A.\ixi) J*>j2 y>J ^j! Ij % 3 &^ I Jkj.2 axm ys li. o i^-^- 

C j\ Uf j J.I -U^ib I ^ajik.* tSl ji ^ ^l&***j^J 

I 1 £ Ly3*$ j # Am i| 2) J^&*> *X &I ^ ^ 

**;T jl ^ j j ^jT ij i»^! 4 ^ l^ 5 *»* a,j j*?c^ j * i 

IgJ! a uj p tri*^! U /i j!\j,} (£3** jl { 2 ^ 2 /^A.i A^n^Ts 30 AT if 

l? w _jU?tj! l^SAj A*c£l Ji J Ilrij"^ rj-i1® 

,«»C$Ij £+ 0.9 (2yOtijf j? dU .y j Jijfc d (j^j*XL# L?=J! ^j! *S <jT A: Lj j22* 

^ ^jj A-l? S A.i*j»X^.db ^ ! ^A.AAi I ^ j! ^ *^* 

6 A} ^ jA.*} 2 i ^ A AAA 1 ^ ^ '9.2** ^I J l ^ A) Ar.^A. ^ y^ J ^ kS? .3 ^ ^jm+'AA 1 2 * *.«’ ^ i 

fX u o^ ^ kJr*^l ^l^ksi. jj.-^a.J <£\ ji ^ 4, ^>3 ji a*A« o I jpA. 9 »a^^44»^) La»o b bl 

jj Ij aS' I Aj b^jetAAA (2 j*.^.} -* k 3 j2 Ij 6 dij j' 2 

^«xj (d mm Ai ^ ^ Ifc 6 jJi 1 2 3 j~~ ^ AaaAa to j2 aO^ pcjJ 1 i^»o c««ij,>» t iAAdj 

^* 6 ji^ u^ £s-*Afi*i j 1 J^O 2 ^ji I i- -i t ^iiAJ 2 ^.1^ 1™.9 ^ (J?^)) 

s Ai J1 2 ^•misAjsIs! A4#2,Tib j2 £+jm ! j -ks>- is* ^.i A*.*.0 (j£ 23 .$.+.a (_^ l^.«,j^ i^. 

^Uf O is*- ^.^-« 1 3ZZ,u*fo lj!«i y 5 l.sl jk*t*«J J^i2 i^S3^“ J^ 

di-j >kji3 ^la.Aj J 2 3 3*<****& A^ Ij ((kr ^ -)) 

(jJ 2 ! 3x.'i A^3x0 b ^TSjf’jljS oUs»- £2.&,\ y>\^ a)o.&1 j2 3TtS"^j2.?z3L* Ij «kd» 

ij ^jl-^a.3 J 3T'S ^ s AklJ J2 J2 ojl j.*.& <(Ja».» A& ^j! j fdjjd^j 5^.3 T <(k».» 

, dj (j[* 4 j^ 


Uber die Hypotliesen welche der Geometrie zu Grunds . \ 
dljJ-j^) oi+jjGesammdte Mathematische Werke cjl^STjl tliegen 
t ^ Wf c -ils^ Nature W. K. Clifford aS"* C++>\ aid jl ^ l r "S! ^,jl ,y 

A Source Book on <_# l~r" ji H. S. White a!^^_j j~J ,^j—< aij-fT 

,C-iL I^avid Eugene Smith ajJ^J (^H Mathematics 



l O*^J £^*i*V JMt C-^J ^E»J 1*3 A$ ( i ^^iu ^ 

^aUx^Ij Ij Js». j*^a.« i Ai A$""ijU xIaX,* Ij t* C***fj {^l.g.is,^ A.) 

'•-jlx^' ^ j^i^sh O l*j I oA*2 c^IaXm) KjPJp C?“^ Ji O t , C1+** I ^/tf* 

ob*®» oT i*^ ^ u^m) ^>^.>4 juT •aa}j.3»» ^j f jf j*^ _jAajT ^j! 41 ^*-***I 

t ^ij j 1 ^ jj^-* 0 ^ C)l*J I A) l^Cftjl ji ^S”»Ai I 

^&.}VtL ^3^) i\AX*\ ^xl** )\ v ^* - l*p *f^^« ^oU^"" 

.<y\ )3^J>«* s^Vik^jV) )\ d\j> f* >\ Cm*A 

^I A/»4! J) Ij 1 j BC -? *Xm'4 ^J^-^j^" 4 (\ (^J*^^) A-BC.^ f {£"* O^J® 

* pp£*^ C*; b «A j t) 4 |(m!« ll £ S ^ 


ZACD > ZBAC 



^<S~ LSj3^^ Xil iAX^I F Ij j A j 1 } \j BE *A*5b Jju*3 E * j& 

j,xz£.&u& CEF j BEA «i^jT • J-^i F *5 C jf .EF—BE 

,jj ji\ji BAG *ajtj j FCE *$j!j pj (u^jo^) 
ZACD > ZFCE L-l 

ZACD > ZB AC j* j 

Afcl^isj £+**j£ 0 ^*>ji AdU ^4>UxZ_J C***lj JasX 4,lT lX-^X Z jl^Xul Job Vla. 

C*«l(Jpb<? 1 ^J ^ ia^l l-*f <S3j^ C*i*-o Of0\^' a fj (JV^X**! C-Ajjia. Ji 

ji ACD Ajjf J AJlli £s!,> CD ji F 0 ^ j& ,*A^b d^J f i'AAj.J ji J^w? BF *r 
Z.j j! a^Lj /Sjji BF oify* .BAG Zj -k^c-xi ji j ECF ^jjIJ b Cm* i 
(£! *^**»Aa& I t , J3 /*\Cj “Aj 3 f j j f A CD ^j_ 3 ^ j £#^j!a*,jjj 

C<*</l 0^* A, ' S BF ^JoUij Akij dij Ja5s 4X^.J iasL j3 jl j*U5" j.A <jT *S 2 



JU j fe j 3 jX jly BE *jl-Jjri Ij {jfcb **Q B y. F *■—* *x £U j!j 3 j^oT 

# C^»*U*J ‘.^ - "'J ^ **ui I 


^*.«J ^ 5 ** Julil f&J jl 

\ ? joj^v? y\ j y° j \ A J \V ^ 


&J*S 

. ju~r ^jIj ij jv^j c^ur t \ lj ^ v 


J^>1 -Y 

4.L«,j^j UiS" d)W <^.^1 Ij (jT X oT^j 3 jj &s>X t j*xJjil Xisjs *^ji 

oW £>j>* oi^i N u^b 

^jU*\) ia.*- (X AS^Sfc 3 Okiiw\i Cj<m»\) ^WaL ^_s\ 3 V> AcAi <W ^C 3 j 5 3 /4 AS^fc 

^\ ftV.^.4 \ <.5ol& C 5 B 3 A A— >\ ^A.i $ *5 ^»\.4 ABC *■>**> ^-a\3 

v3\^W O A BC *A* >\ s£\<AblsU ji ^,*£ )3y> /£ j5 iaa. *)V* )\ vCjVA.Wb.I CC ia-»- 

4 s_>,«i>^.S ^4>1 AlC* , ^** > *** ■ 3\ 

<j£ l^.*u I J J! J a) ^lia. j) I A,S~ A.7.S A.&i**i I |*3 0"^ 

J^£l« <£ J-*** ^ tj j*5d». (j^XJlsf t J.X^lz9 !j ^J.4 U-o £.1 ^ -GIa I wh+t Cl^^-'-A Jjlj 

• I^i ykf x\ (**- ol* j 1 *)K*a j! 

(£\j! X5ji fcij-a. jlSo (J^^j)j.^ IajIj Ij £j.i?j.j> •^j.ysl ^ ^j! jl U 

bXjjS tj J) o3I <*.S^01-"^" < *^5 ^ J ^Ia.XaI j 

^i—f” ^ijjl*«^^ l>ci<) j)o li>» a.±v>xx& j! j*m d)l^iA iA—j J^l j I ^g~ ,ij*p d) !■* j 

^jl&. AS" Jb^ 4 C->**I jls^ ^J-Xps^ J^IsAj (jjI 1^.) I j$ dS C^***fii ^jlfcA« j>;& 

fljl«Ajl tll^/ja* j! (J“^ * 6i> a«.j C*>*\ 1> y** i(£3jX ji ^ u^ &y. 

4 Aa>W) lij 

^*$^\ 4 J ^ *AisA,^. Ij 1 3A,<44i*XA& a5^ C^*v f oT ,j 1 j ^*p 

>X~S l^J 1 Ij rfy^A I 1 (j£>XZi6£j ^>,^>^.4^4 y^l^fcyp^t 

4 J j J j «**^« O-Aj t^jj^i I j n— xi;5jS j OW ^5^ SjljU X 


1 . Pasch, Vorlesungen Uber neuere Geometrie (Berlin, 1926 ). 



iS\jl I t-4# j! 4jljij.S ObfiA-Ul! LSI A**/ A*& l& XfijCL^A/l i*%> J I 

(J^Atti! 1 j\ L'mV'*'*'^ ^ + *\X+**Ma+Q (_9' J ^ ^J«j *j*J oU'l 

l&oI 3 3 l^lzsu. 1 j3 ,*A*«li*S ^ l-»4 i j j,S^i3 1*15^1 I &-X*.) ^ 3'*' 3 

6 ji\$J J <ajjS^ J J^s* J fJai. J iaa* ^ 9^4 <b>baj aS 3 j $3 < 3 l y^Z^-A J 

Ij islju ^jj| 3 3 33+3 iji<«9^ V ^(5^**"^"^ J” 1 aSTo*^! ji>+sT ,kXi^oL “ > 3^'■% 

. 3 j./i.j cAJI bj oW ^3^3* (J-*^ Ojj.*p A: Ij JjIj 
^ I ^ J ! *^4 ^4 J}) ^%J i ^ I ^-aAi A.S^^^'^jjIsI ^yp yA^p 1 bj,0 

t- -fAIJ 1 . ^^F# t I * « * -4 * » IjLJ aajoT.c^I ^^bL 0^jjj[iV£* 

y?tS A,i J,rU !^0 # JiA-O U .A&.3 JiIa«i| I J ^ 3 X 3 JAM U»jjb £*.«> j bgja*. 

C3> J yp tIi«AU f L - ^.AaaS" ^ *3 Aj ^.5""^& 1 J j! ^ 

V^\il!fc. %i) 3i4>& ^I«»\) ^a.S>.y C^btA^csA* ftVSyfc *£>£ 

ia.5& 3 Vvlli tiVSo \ ^_a\3 ^jvjOi Si) S.ia.&i j& w.!^> '~3yO' Ji Si) <.fis 

ia».eb ^5>b 5 ^)3 \y__5* \) ti) 3i ^1 i=>\^i (^i.»*.a.i <$ i)\i i^^-3 4^a.b '•'^J-i 

t J> S- y^ 3* 1 *> \) ^-\) 

ji AX9j) Ua»- «lj U^j9 (**^{J-* O^r» 1^3^^ 

•XXi I«Ai aS3 fc ^- 4 ^ »Ai&f j^j)»ji5C-fc5 i3 *h*} I !j 0~^ j ^ 

*^J f J 1 J t lj ^^aav^aJ j Ij fl^ b® I b AaSs 4 jjjAlfc b <>S 

j I j I «^r IjjJ «Aj l«.j ^1^4>,4 jbi b f (b^tAiwi ^,&l^,>. ^ Iau J b***J 

^■^0 b I •) jl |A^»s* I^JJ ( *A«444 b IaA (b^«w1 J 

ia». jt la- I _)3'^ 3 ~' i ‘ •‘-^* - **£ i jj»w^" OjiA> AxZ**. J J J ^qJ t 

^5vX.m ^aJ AXti ! JasL 4,4 }j bo <jT dLT *4 ^ 3 * 3 * ^ j-'T 

3~y s^a****<> ^)^ oT C1 «Aa5 Ij I •) ~'33 I t {jg* ' ^* > | ' ** 

b*5jM>A (3^3^ ^' t ' n *'3~v &J3^ J ^ {3**^ ^_3^ > ’ j ' l - ,vt ** • •A^b 

I t *S ^3*^ oT ^4 If# JjA Tj-fS A L *f4^f. ! Aa-W^JJ-] b l^- *\^ ^AAr***4 l l 4 »Aa 4 b# 

f J AaM1 j o J <-r^s4 jj 3 ^.aaS" ji I j <5^^* <Jb^ j^-Jbi j3 ( j^aI J?ci 


W. W. Beman i d.1^ ja.j X^.>-jj t Ess ays on The Theory oj Numbers j3 i Dexlekincl . \ 

-^iy) r t r ^ (p- iis^- Gesammelte mathematische Werke l„j t( \ ^o \ c J? tSs^) 

.(nrr 



1*1 b j (<£}J ^L&AkJj j! $y,\j* OjU* fj ^ <5k>U u- ? 

4 «C*9jkta^ CjJj«s> ptr 'S ^ 

t^k^ajl^ j.Jj W “y J k'Ajjlj J •*) k lA <yl"Tj 

• c-A* ! J^ijij (*£** lM 0^ 3* (5^0^ j\ j$\j 

^\ 03,^ ^ ^i\3 v£Ukki ^ \> vS^3?.^ 03)^ ^3 sS^iu. ^ v3^ 

4 i)\i Vi ^tLx ikki 'Hi y£ ^*p3 



XL SJ A J^a+Z' \jf j§ fiAi-wb l)T r j (ttJ , ^*“) lA i-A* 6 ]f 3 A O ^jS 

.oiftT 4 ^:^b jT oj^ij^ ^k^; B j « ji^ o jj-3 j-3 ^ij 
OA < r < OB 

*AajS kj 4a»^i_£ 3^.xX3 . 3^aL^a $3 1 3 jHa^I iC3> aS" ^ABjl ^J OC 

OC<OA <r 

IgiT (^1 jJ *S i P AxJbe ^k li.' *J .)j.3u^a ^**.21 c^j j£ Ai ^ AB ks*. ejl^ klxj 

,OQ>r WT <s\j\ <Q j OP <r 

.OP < OQ J la * j* j-3 6^ 

CP < CQ 

Akxj jib (j! JsjtJ C^'tA l—J^ jl L*'"v t ^ ,, ’ u '^ P Akij jfa (^AAiji jj 

AB kaL e >j b ji iAXj L« (£! aL&$ ( AaaS" 3"* A?ca*i> j»Q <AaJ L« 

(jT Ji -Ui ikli J <Oj db Aj C^-^i jJfl*£-« oT Jl At* ^kaJ J.^ Af 
l *jil-3 <5ij R ^k I Af r A^r^-o c-:l* 'HVsL CjVkji Vi Aj 

OR <r *£•*-$ o*s 


YV 



I B _> R y*; AB c?jj I j S ^kj; j 
RS < r—OR 

OS < OR+RS <ORS jj j_j» 

OS < r 4 f 

, A^U j* jl jj,S~ OR. jj <>(JIsm a?kaIo ! L«l 

# *X^ub |" j! ’ Jji 1_^J^*>3 OR A$^ AiS* AXo ta A3 l»w^9 6 1 j A 3 Ail cAii! j,a>, 

A| 6 Ajs -0 1.3 aT {_Q A1a4»u_^ Aj LJ Ifi- 

•C-^l £<A»-' 1 tlJ*‘* > ^ 3* i k>! fo-ita ,Aj be!j A*«A;^ 

AlS> v )\ ^ ^j&\>Aji ^*&A <• Aui\i %Ah> V- ***■ %}\,i 3 S 

9 y>S)^ )\ 

»eAj.5 .AijSoi ^&*p J.^! jl o«iu( ^IaseaXj ' 1 -it £ cjl.A«3 (AI ^-^^-9 

^ t*<sxi Ij Js^> ojIj_j AAj CA *-«1 c5 J 3^“^ ^J 1 *^ I i A$”k jj.-Cm 

a^lrfS^.«i! (_j-ys t £j! j 1 jIjAaa. (J> j l>» y+l l& Aj_j ! j j o^-|! ^ (_£ j^S ^3 I jjJ I jfo 

* * J* (^ 2 ^ 

j! ^ l^«s>w I ^ 1 ^ I j ^^.wA^ij! I 3 A<4fiA*& ^*3 ^^uiA^Jl^f A-t«Art<fe jl j^3 ^^£*^-3 

jl A^ * j,P^i ^Jmjjvj^ Le A^T Aa!^», A^:)T jA U! , l.w ^J,ya f 

« oT 


C^aL& ©(£**0 •% 

j} \ j ^**A^.Lj I AauA/,a ^ jj ^3 l£a j ^j.j 3 J 3 3 (A u ^—'v I j 

^40 ia lis*4<j<} ^<|A9 ^3' ^5C*.S^ 4 CA-^i a^!^ j I ji q^X-«_j ^aIza,^ 

v-^'Wfl i5^~.uA ^jl*.A jjJ I — J 3 ^ j* A3 ! j^£?Aj tfj 

«Aj! aA^5 Aa.avIjT A £■ Oj_^ysAj l^i^l ^jJ! .O^ A3 y uX»*««*v>2 a5" 

jpj7** AscftAp J iasi. J AicfcB.3 oA ^.3 oU»^via.,<?} l_3 Oja. 1 2 A A_5 ” J>j 5 * ^jjT^Ij AjL 

^J , ^C5' c C •?" A*Z U<iki! j ^A*.i AL^jAi U j*aZ& ^j! 


• J ^/ 


^^!2^5?44<p^ 


^VhA&aA i k^jy* ^liV^A <jl jApAj Enriques Xe.j$ G. Vitali X)[a* 4 — _ ^ 
^jUJT aj k>-I j ( M 0 0 < 1-3jJ jj) [Question! riguardanti la geometric elemantare ) 

.(\ ^ ^ ^ i 0^3 J . j '^■ij-ti^) \ t d {^ <F ra g en der Elemenmgeometrie ^*U Aj 


YA 



, >\> ^.J> \) VwJ>**»\5 V* f *‘ >- *• d\i i®&5 3 '»' , ~\i> <b!kfci 3i . X 3 \ 

^kiu A,w» ^ C***i Afters y* 3 S>yO Ak.ai 3i sL>.»»b v!*m*\) kusi. ^ ♦ X* 

( AkiiMiii \*tiS>- \^S) jl ^ ij|^3 

v jp.s>ci,A\,^5 e a ! p di^aa 3 <»A&eL** dli C*mA) kt*. dia \S 5 >^ A^AieJU A»* 3 X' 

«^ A*** ^ -* 

<^3)^ k.=d -^\io\a.i A^&sASo \ VidiAi£_i\3 Ai>ik*p d\,i.ji ia.sL <iAa&j3i \\£J& m \ 

, iu)b d\i dd!*\i ^yi\^jSiU AisxAi d\*<b*A*>3:> ASy* . V 

, Aki\kJ ^beiLip vlli ^3) ^ )\^jSj> \ 

_*3 ! -A.,5 jj.w APn^* J Vli ^j^p -s'* (J?I Ac^*.Pg^e ji dj b a5" \,£>A.um2.$ j! 

**\j ! A^Jii 

*Ajjb d3 Xlzli dL •A*«b *k.Z*M b jf Jb A Pei*? dJb j3 aT JjU-“- e <JwJj ki. J3 

, Jj j 1 Jo d3 jZ* 1 *a a)o,ji} gjvA Ij 

j J f Jo* j ( j^2Pb.£,-# Apsiv? dij ia»* (jT ji I j j~c- Aizll dJLj j Ja** dij 

. JJ-A b Art-d I J dJ jZ*. ua aI&jsj db aS" ji l aZ*q kjL 

j> J*a\ .f$.i 

dJ-MJ Ij Jai. db. klii ^o Ij f_C I 0 »^iwi AlaJ IJ A£^a»Pc.4 I ^ ^>>P I 

+ ^ Oljl AaI^ b Akolj jjj I 

ASb \ddA> (J 3 $3 A^bd-wA) k.sk dby^b AWsb *>*» C 5 B $ A A§y& . \ 

.■sii,».!sk y.* A 3 C B 

^ys-3 k i, s?w ^Sb^i A,«&.ai ._».»*»^VSsi \ v<A»,ii»\.i A^a.ai 3^ 3 A. ^ 9 X 

C 3 A ^ 

,sl».«A Ak.w 3i VjJji issAS 3 w v> 5^ ^sL ji ^_,i\3 A^Saii A«* ^ 3\ ,X* 

^J-3 tj <Vj^i\ ji B J A Tjabr.^* I j t>)Vi B J A ^iaii 

.dlk.td a^\i vSVfeAkAi B 3 A ^UAkiJ j Jai. ajb ^1 

ABC k>.eL_5 ^.s\3 jjjC. C 5 B 5 A A^a,ai a\Sj3fc t f- 

k> it x ^\ %\S*b\ vALiliVi jj -fr* C 3 B 3 aWba A*«)\ ^i.fis aS 

\jj BC ki.5s- t»)V> V» d\jj AB kxsL a)\,a Vi Ak*a> d\i 

Y ^ 



A.C k.ab *A* k 

oyS I ^.a <*S ^jiX^c- jk 3 * (J.^!^j i^yy* y?i o\y.^ aj 1 j Qij*j olsTi 

l friJ O 1«**4 _jk k* 

% AjjB J^y 4k.Sj ^AbX-sb <_£4sl Aaj ^k#» Ak*J j3 j& £*? 

As lj IgjT O^y,^j* ftj! 3 ** Ai^4« e-it-i ^X*Jj ki j,J 4kSJ ^aUx* c£.i!*A,xj fli^jA 

^sMj B 4 S" ub#- <Kf.,.^E <D <C *B <A * c**j? ^I^juj^ 
us^ j *‘K ...<E <D j B <A <jzi £fh CtK<...<D <C 3 A &> 

<D <E ^..'K aJUa-^T j ^jb ^ j*j 0=** l -« ^ ^ .try 

A <B <C 

,?i 

J3 4J AXXa*,a> ksX, (jTjJ A_r lj APck^f jl ^Jb U J jS £*lj <A«.*.IJ kal ^A 

A^^b Ak.o ^A l_s 4*3.b db 4k.o ^A *AXi b*^^.«iA3<- ! {j^l j! ^ 45" A*5" ^a p,***Ai 4».»>b 
j £jJ {S3** fAjk dl^xd.* 4kSJ dlj ksL 0 I b a5" -UaA^* ^ksi-ajl^ (Sj^P 

.AjU* iJ j&A aIzAS tjfjjAA )^?f^ lj j& »A £{b£j& 
^Asua ■^_3,k j3 b AX^J jAa ki. '-k^k -lb )i aIzas jZ> 4_jf<_X*if*^ a) j»- (jpJ 

As ij k»> ^1 klb ^fijji,A ks>» jj ^Sl_5 ^Xa*.* 4.1a as ( A)[**a j?bs 4j # Ai jl^ j\j9 

4«.A j I I £aJ l«*^- ^ p- Ij ^ Js^c^jO ^A ^ *Aa 5"y ^A»\*<»> v5\ ^ b Va5&^^.j»s 

* ^jaX^O 4,i2.jci <jT uij.k dij 4.5"^ls>ljaJ 

S*-U-ob } 4.a,x>k.^ka.£>- TC T V f , , , < CD ^BC ^ A.B ^■^ 2 ' 9 * , 
dAS, ^lj (_^l^kidjb kUjj*Jj L v,.,fD <C f B ^A klij y'S^A ^*03 U A^ 

^ ^ n\<^ ^>.afc. AX*«5C^X ka» *A.^^xb ^^IzZa ^k&jJ J[_j 3 ^ ^ , A> 3^/^jA #»Ajj^b A+.**S\.±a klai 

<5U^J»\) K i . ., fD iC ^B (A 3 <S l-A^-kp l^ka. tfjb t ^>jJZ^A iA-Ai 

i^^SjXs *Ax^b AZJl ’!^ ^lj jl * * • * ( & c)T 

^ 4*4^b ljOkA4 J I ^ i^^iW^fO ^ 3^ r H ^ t I t ^ 4 

•Aia» JvamIj 4XXJIAj ^5" j**t*A a\zas 3 ^ r=-gA ^5^ 1 __o J^ 

yzsj? jj 

4,5" ! j Apsa^p klJsj ApbA^ a dJlj ^.5 Ij o^U u *lk 4.5"^^^ 

C^ljb aT /^i3^ dii 3 ^ 3)^ 4, a #.U 4j Aaxm bj O I 4i 

<1)5OJJl ^kkiJ 4; jj -^X>. c)_?J- 5 jl (£ 1 ^ka; •*kiX*«A 1 

b>! b 4X4* (*Aj ^x\,»,£> AX#- b ^5^^X«*«-* 4k^ 45" 3^5" (^^3 4; 1 k a , b 

t)l 3*<jf’* 4a». b 3 $ «*^1^ kbj j\ j^.A 4 j O ^3^[ > y 1 J b lAj j3 3 ^aas 



j^ Ajjl.5 3J ^"•^' ^ 1 *^ ^ jl ^J 1 ^} 

.,3_j*t £.91 j oT Ojj3 ^'♦iST ^ (jk*. 0 s * b«l -UX*«fc ^*lk 

3*^ 

4*15" b 3jL^ .Sjij Ij c£kjlJ f >$■«■• 4 *>Ajk lM £*l 

U s *'° 

\^V<j.ft^i^.s\^ A*»Ai v^Wk&i A. 1 <ASj& 3 Aw!**V» Cl '^■*■1 V-a^gkcL ^.k.&l 3 3 5 3 ^4 * VS^fe • \ 
'.slii kJ& 3 *.d\i ^A! ^ ■^s* , ^ A v -^ > ;^* 3 '.(2 f ^ *V£.i \ ^q! k.sL^ Vi tf k.aL 

,4'V>.r>- ®)Vi Vj aAVi y4 B? - A» , rv i^Vi <\S v^Vkftj* ^*3 Vi ^k^i 

t v J \ Vi v_j<Mt\ v v^ Is ^ ^ V> .S fc . j li 

- 6 ) Vi Vi ^3 '*A f B' 03 -?- ^ksL fe) Vi Vi A^Vi w-i*.^l<rfe AB c^^^kaL *A* *V£j& , X 
,A ff B ff Vi o.*^\ c***^*^ A B f ASo \ ^A n B n 03 ^ ^-s^ 

%Vfjft. 3 ^i»Vi B Vks .1 ^ k.&a ci k=L )\ BC 5 AB sSV^kaL. !i)Vi ftVS^& . y 
B f ^.Wai >a k.&s ci' y k.sL )\ Vi ci k.sL oV'oft )\ B'C' 3 A'B f v.s^^ a,a ^ ,> 5V, 

AC '.Ai&Vi c*L^t>B f C f 3 A* B* \ wiS^^ BC 3 AB£\ oV& 

, vl>**\ >»l*ji.^j*.A.Ii A. ^ Cs f Vi 

yi UluksL J3 ji j ^jU. O k\s.Ai db j! aS Jc 3 b ^kJS k:£. j3 

I j O j «U jl j lft.^V<a Ij i£ t&ksl. .3 ^3i^« (jbf JCj ^->3^) *^i**b £*ij 

kbcj 3 O y$*. i 4,?cj4y? I j aS ^ i ~~*} b O . iAij ^ ^-i3 ^ J 

A. s a*U Jl dlj J& _P ^.5ij XlzA) J 2 j& .<X'£ ^amaI A**. U Jji 4: \ J ^51 j 

A,} 3 C ( 3 "®^*“ ^ ** ^3- ^ A,^^*u ib'rt. b (3 1 ^.1 Ij 

4j ^ksl. ^ 5 ^ b 31 Ij b tiii X'h-Ai ?-*.& aS oT J U. i l^-*.l^> (^l&Akxi jl dij 

I ^Sjb i3 b 3)i A ^^I a,s* 3 *. ti ^ 3 *b 

U ^jl jl k^9 3$ jf k^a oT ^k-AJ J3j& aJu^j^j aS^ lz.si. ejb^fis aS Ci-**I 

^kjaj J.> j& i$\ j> qJ I ^3^i«» A^>. U ^l^i iijjf ji j3 I j 

4 ^jl-ki 3j.i* j oT 

a WLpoV^fe a ; oy^- ^k.=L3 '.(X ^ 3 C^y^- AS ^.i^f .f 

^k.^. q! k.&. ^Sj3)j» 3 ^i 0 ! '33^- sS\*>kib3 '•ft' O 3 S 5 - <» 6 Sup Vi 

vdli £t r ^ 'iV^.i \ V^LJ^Vi *vi,£> %i\i ».^ii»Vi ^>VoL O' )\ 4,$ b r ^-iV* ^C-V*.^ 

\Jb ! 3 k r ^) V,3\> ^C^Vlsj. ^j\^O f ^k' ^E-VsJSuW vdii k.as3 

.^.Vi a! >-3jk siVi >a Kjj 1 3 k fs ) o3)i3 {b 3 k ^ ^?3\> Vi ^Vi 


r\ 



Vi A&Vs y 3 3 lc f ^) Vs AiAs [^b 3 Ic'} VssA Af-jib .& 

\b rf 3 k ns ) Vj c**Ac^i.^Lo.ib \^b r 3 k rs ) ^3\i> ASs \\^b n 3 /c 7 ^ *a3V3 

(__£ l^.i.<^» 1 A,5^»X) ^d?5.tv^O ^?Ci O Ia.& Aj ! J Ai J ! J^jA- i ^Jj*p yA i 3 ^ 

A&j,a.^aq^\ £j^T ^X'^Xm^a^jOPc^a \j l^ki- Ojlj A&ja.Pcaj 1 f J ) 


.UAjjlj ^JXh.&Xo.to j ejb Ai C*A LjijA 

^3\> 3 AC s AB vSV^ oV» vA'B’C' 3 y4i?C ssV&si^A >5 Afy* a 
'•J? / yl / C 7 ^3\S 3 ^l/C f 3 ^4'i?' s£V^»a *A* Vs a;jAj BAC 

,A B C’ ^->3\j Vs C**A oi^> ABC ^3V3 Asu \ 


l €ii^ £3^3* 


Vs aS ^C^&Atp ASU \ lAliAs tsAi* <sAi Cl y> ^--A3 A ^VAs AVs 3 Cl VxsL 
aJAs ^AJ^V) A ^VAs *& <CaVs k»A (.^iVs Wa .33 ^jp.!kiA Asa 

.V^^A^gls ^*pV^ a^V/s ci ^k.a.s ’^.i.fc ^jaV« Va\ 




AAsVa VAs.s )\ v^CjNAVkA AB A=L ji ft)\^j 5r & .Ai.kp3j&A CD 3 AB kib- *)V* 3 A 
<A X A X <A\A^ (AA^ \ 3 Vvbi.Bk. s)V> vjVisj* Ai>\i ^ 3^.3 An»*» i A x <A^ ( A^ 
^yp^A v V*p\ N ^ An 3 A a&Vs ^_b\3 B 3 CD Vs aLjaVs An — \An. *. 


A5siw*b CiVkSj> '•as^V ^AA&s ks.eL k>\ks tV^»Ai )i *S \_Ji»»».SjS 

.Am* Vs j>.£xa sAAj As ^ia.aL v^V^t^kpya O \ <S A** ^AsAss. 



Sjji *S”^C --3 i £ 1 J — J i & ^J’''^ 

-j.j-r^-® ^ibi J - 6 ^O-' 

O ^.Xt £cJ jt».J Ji *i-b U'tj’"^ 

'jji^ • 21 lt'->^**^' 


^J^iA,© . ^ O 

t,Z*"£u j<vi # ii^.««4 o»S^^b ! «A^ jl lj ^ ^ mn *^ ( i^»au\ ji fej*- £m> j} 

a.j i^.j j£.i J 3 I 0 j ly.?** <p“'* **'•*• »i—*<m<I ^.siks (P Y V 3 Y P ^ j^ 3^ i!jc« 

^j^lijYY p.£>> jl £ 33 *" 4 La .•Ai’j^ji^ X&* 1 *a y> Ls-LL* <A.j^,kj Ai 6 "*^ jj.k 
jSAbjai rf J YT cSbujIyf £L**j4.i y:*«.> ji j U j ijL^ 3jlj ! j <5j'>« -kj^ p#** 
^.5 3 -•«' 3 £■ I (^> 31 ^*'■§■4 (^ii&A.ki! j i ^ ^ 3 *“ 

*^ >, “^^ 61 3 S“’ 6 ^ fV J 3 - S" w ' s *J^3^j3 3 3 j 13 j&Jj*« 

(J^-e j*J3£ 3 ^ 3-9 (_£bg-Utft J uJj^-e j3 ^Si^Jji b JsbJji j3 

w>**1 y: = *£lj # p. £ i^sl j\a.i ^JuPciA.** pjl jl JjJjI c£bfc»&jly,-.5 j! <£31^*1 *4 AS'^xib 6T 


izi>jj Mathematical Philosophy <_jI xS"j 1 «JbT^» J«x*i j-U»j3 t£jjL.£ yjf , > 

.Ujiai3 *xL.^il E, P. Dutton cS'jZ C>\ jlijJl SjL-l Lj j 4 Cassuis j. Keyser 



J.^1 ^j| jf db CjL*I jA (j^AJil a-.S^jI oT j $jfi oT Aj Aj b A$* 

(J»^loT aj U *^**(j ,< ‘-a*^* ,c**«l *^j? 3 j&b U £jkj»« 

Aj,i jlf*jlui ^9J \a?~* (£j j^-i- 1 JM» (J-^ lj *& J 3 [J£* iSj^-i^ 

,A)Aj U^-o ^Sb Aji.jUxs-1 J CjjS*: piST*.! oT p.A jb 

Jui* (ff L-i Y V ^UojI^T jl OjLfr A_f f^jA ^sj Aj A^j uJkf- b 

.^ s dT (5 jjT.il j !j I4.1T oLI j <jb b d jl SjI^a^ *S Ia^.« 

^aVdU Aj> 3 \> 3a 3 AiS ^&y\) >jSoji> bpja ^•aN) Wi-ASy* . Y y f [^^4 oj\\^ 

( Aii)\^Lk kn> » yj \ 

Ar <jU». AiS^ ^ki IJ CD J AB k*. jA aS" Auib jj-e (y* (J^-“) ST pljS 

.-^~b CTS j BST (5^*jjij 



r jc* 


.jiAiS^kidj XD j SB aIajuI ja p xji* (^ 5 !aUaj ja CD j AB aT <***& u^j* 

. f TSP ^b*b b Iji CTS ^j^ *jjtj SPT ja °;j^ o«' -P 

J SB A I A* .0 1 jA A.O 1 ^J^.a.J k; fc. JA A$" |^,J j+^b * i ^*a*»a3 (_£J 

31 XU I jA AlJl k.». jA Alf Ab oUb <ji j-J^-o Ai U^o ^Lb Aj .AxS" ^9^Aj XD 

•*^jlj^** (j*^ .Aiibi ^.kbsi TC j SA 

<bs3\i> aS b^p- A.* \ as^a WM^\) ^QhiSi 3^ ^CL&hk ^i\S^ t ^ ^ 0 jl 

v^sN.*** ^jbL\* ^ASl* V* ^Aal* Sb>2\) V> ^ y*U bjA-* 

a Alj>>\y» ^iA^o Vi kvsL 3 a b \ '•Ai yL A^.sVa Ai 3 \) 3 a 
J jPk* fiAiil Ai A^e^j YV ( ^bb aS* ^OU'I 

jA jb^^ fCA*»l Y A J YV t£bfcajl_>r A^ f Y <1 ^J^ Aj aT 


^A^UI J b ^^Pz) (^1 j) I^bAjI J A .^.wj^* 

^yp^* ^»p\ jl aza^* l«J b A^*ijli»* 


^i \ j&z) (^IaIzaj Ai ^AjUS A«A*a , \J* j 
b (J^jk J J-yai^ JmA>I jl 

, X& &AIa^ 4«( V yC)) Vy 


Tf 



Vs ^VyU vCj)\yJk Wi. 3 ^ Vs ^ItxaL <sV^y> ,y^ ‘ 

^^>s* 5 V^V&.Ni ^s\s&* ^Vjh^s3\i> Vs As^s\^s ^&*)Vsb v^Vfis'VijN) V^S^sNjS ^SOxSvS 

,.A*.sVa <b>3\) Vs v„h*a»\ ^i\jS i&JL o\ ^y>=> ^-s\3 ^lV&:* ^Vs^N) 

aLm«j4j X 3 S J^ j*i A^AX^lj cSj “^ 2 ^*3" 1 (^ cJ'^ 4 '") CD 3 A.B | +ijt^ 

, *Art»w l i 0 ^i2.5 ST 



B 


D 


*5*s ^ul .jusli STC iajlj jl y^jy BST *ij*j <>y 
^^A.^S-SAjJfcj, -j y j A* j b> ajj! j c**»l y$ jy STD j BST (j? U aj j I j ^aX 

Oj t^-p £jj I j3 ,a«.jU jf O'** I y^^_2—r CTS j AST (_£ta>j 

JI j J* ^ J^y* BST Aj^lj &.S A^s-J ,A£a£' l£j -AjIj pe.?s»J ^0^-3'* 

j! y ^*jji j.ii^i^j^3 CTS aj j i j a 5" o^ j ofy^y a> ul* ysf j <*.j ,j,^sij CTS 
(S U>c ja>» ( O*** I £+} Ij |^. s^-Jji b Ajjlj j.Dyj ^«b BST ajj! j 

• A^ob***'* yLob {jly^y Ij ^5^.0 

a!***^ (^,?cAs ^ 3"^3® eM *y ^ £\3 "&tSWW a 5^O***! j i 

j^>A<£’*«M'I~( Ail u^»A^ (<ui/*usft) a5 ^t I i f «A.} ^)Ia) ^^>**X**jL9 1 ^ 

<Aa b 6 jjQ I {j5 f * t3_^b (J J I^A 3^ A^{,£ I a!*.3*. i *\Jt ^-“-VjJbl Aj 

# CA*-«**£J L^StAj Aj L 0 £ J3 b^-1*^ I b^^b^ jii f aIx^sw j I (tAIik 

J 3 a b" u^«i«l Ajj^a.3 Aj jZJL+i 0«**l ^ y f |D>^X {j*^^ Oj* 1 A^i>. j ( 

J f (jA»J ^ b oT JI aM^y I j} ((^^jAj» i£ 3 .jm j ^a.i ^lijAa tjpjj Aj 

j tll^5 oT )**■ ajl«,s O AD S f^jloA^S Oj L' oT •*$>•3,^ Wa.^3* ,^i &S oT 

- - ' * •** \3 ~ ' -?• “ , L5* L5 * 

>—aVkiV ^ 3^J3 A l}'"^ ^ C?“^ b b A»« ! y*,c As j (£ l^.^iy.j A?b*Xj j D ^ I ji Aj ~ j* 

{ji 1 Jl f A*J l^jS" jly of c5^Aj (SjZiS Jt*- !5ji y~* -bjkaL JJJJ.XJ b b 

^3^3* y aT lyj (C+A^p^ji. jb«.J A*i t^sT t-^ftvab j 


T ° T u-® < a!>- (^\ CjV^& 4 c«*y ^—— . | 





I jj ^ jt 1 *^ I ja ^ , iAj j! i) J^s , ‘**j c^?w 


>ffri^ *J f*? 


?CaJ 


f&^i £3 , ^ ? 5 ,c d*^ ^ ^ 

l^StAji^ A,4*Ai.ft3 ji f J c*»^ J**9.p 

C/mI a<**4,*j ! ji«.j a,5saj i j! 0 «a*£ Ija ^ l-4« ^1*)^ J.jiwi| t?c^j I j 

A^Xj (jil . Js^its ai^f ^XaljU ijjlo ilj A,; I j J.**f t b ^1*9 ij ja^j 

s *5lj ^j! 


«i aC cii 


I («»**. 


I jT ^*. 4*0 ia 1 j ^.Lyg 1 A*«Aa& ^.wji (Jj 1^>j t.) l?^Ai.**« J j j ^vtfi 

la jl . ijlA Aail** l«i l-« 1 t^i»-ui! ol b—j l**I**I aS* a.) ! AXa l** 

Ai *)} Ji4M ^jj J I Jl^ -4 ^ I ^ iJ^AAl ! 0i^A«4£ ^5 I j l^‘T ji 1 _j Aj 4 lJ**A£ I 

|^B*J J^ 1 ^ di*> 1 ») Vii^^iV^ j *A^ii45 

+ ~*^i & a ^'* ti * ^y 1 * *3 

#*<sH cM • \ Y 

^^,M») iaa- Vi ^>\yk iaa- ^aAS aW&i ^\i )\ 
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D 


O ■ J^ ^ J ^ C)i ^ (*a*^ (^y^Aj<i.91 la ! j p- j^I o LiC jfs 

# A^Ea* 0 J^(5> ^ j A j 

oba ST ^s*"-2^ fe t_l'^-'“) CD j AB '<^j? 3 j^-' 0 «ba ji jib 
1J QSR Jai S j$ *A^b A*jliji j! j*£a jf J3TS J BST (J^UAj j)j ^jOe.* a 5"Ai^b 
.A^ib A^.JU Ji Jl***-* DTS 3 RST ti^kAjjij ^j^?e.-< 5 Ai ^a**.JA 4 A/JljAXi 
j axTjUju Jaa. ji ASB j QSR Oj»» iS J'j-® CO b y a i_^a» J-« A_J 


• T ° t (j^ 9 4 4 y>\ o^>-^ . ^ 

2. Playfair 

, c+*jT a^xj Y A c j*^i j TV 4 p-^iJ^ ^jSj^ JaA aS "1 j . y 



$ S ^j CD (£'^ 3 * dij IzU S Jl jcftj'-t (3^ 1 3^*J-* 

>Ai&l^.klii D 3 B **3jb j^ -k>» ^3 1 »~ CD ^ AB £jS^ 

p- ^_S" «X*t iA&i 3"*’ ^ii.*-4 <X*h£ ^.k Iaj l aa cJA^ I J 

\ Y f^5k uiH?e-« £jI J ^ 35 J^Jji (J^^jlj 

' J 3^ A ^A«Ai& <.5^O j! 

a£3jI Aj jb£l ''^<*^1.3 t CZ*-<m\(S^£ ^**■$ J ^*i A **' I ^£^3* 

jfur ^/00 l* Jlj.Xi ^£.:S* 3)5*)$ jUL-j* a5* 0 >-«jTdlj Ajc^ljy a**-U& p 
£jUj j j.-<j <_}■*? I . ^jS jj5^>Vj «U-iI-A.^^SI b»-j3 

^.ki JJ.^ b aS" C^wi ^aiuX^) k^ji <j! J iX‘£ ^ aMxX«,i (£U^lw> ^«-UAi j jkx.« 

J^i j5Cp ( 5 j,** j! .xjjb VJ^-* 0 ~^ ^ cSl^jlj j 

(5 J$ *U& I ybvd ( ^9*)VJ A$ Jai. 5^> j! ^X*,j f J.xS" ^^9 s^IaX-mp! jlj^ Ja»- Jl js* (j3^ 

!Jj 0 J jV*J «C*-«*.;J AX^wJ!3 ^$<b A?ea^ j-* e-3jA?e.* j<5 3dI fj*} A.kj!j ajb J 

A*fto> j Ojl^ l— jo! £jykj.-o (Jv 5 ! Jl 75^1 j cJ - ^’ AaO^-« Ok*i 

.((adij!d 15 Xj&I ji (^jl^.9 j Ca«! -AjIj 

C?0^ ? 

, <3*^1 ji 1 j (3^1 • ^ 

< (_ r J H ^J’ t ^ £»■•*! Jjl^ A jjijij (v^'>- jf j* ^•£' £»jb > . Y 
,> j3 aftijsi- ^kS ^ Ij j^Jj JUlS"^J aS \J -k?^ jijl ^$0 L# X.-I j kji* #IS”j» (T^ 

,JC.jj! jj» j&jJ&j lj (i**-l j ka^ <^ij U £+*>\j ^l^ksi- (^) 


u^Ia-c cSt&4>3( j ^ 5.^-0 .1 f 

* Iaa 2 ) oT U aS cu«I A^i ^jjl pSKXi ^k>-« J^l <5! u*J* 

^A^j.i 3i k sLi.»i\ v^3V*»kJ» O.Vx* 

^ jp*pf^.*p ! A>c*Xj {C,j+s 1 jl _$ 3““* I A5e<s^; A^^S jjjl A^!<.jI 

A?e ft Xi (j^j9 £i\ Jl IJ ^a^k. ^ 3 ^ 3 ^ Jk^l ^SCiT tSlj^ .C***l (“J^*-* 5^r 

♦ [^'- J I J *Xi»«.*»«fe ^J' 5 ’j3 ^jjl (Jy l& A^9 IjJ A^ |<yj __3^ Ai 


C. L. Dodgson, Euclid and His Modern Rivals i j\ 5 ^yAaiiV J* • ' 

(\AA<3 tjAi-l) ‘fjA yU f y .. ? o ^ 

aS”"j { j^ j$ C-*-1 , 4<iU £•*•** J Jjjl Aj y a!T” 1 — ^JJJj+0 ^ 

,Xf *— ,4iU A^.*U Y j Aib *JTJ < ^j-~- 4 


rv 



jU. ^ij!j 7 & j*J 


. J afij oJLj I A.J ol*j 


^^>j^i,«i2>. b aS\ iS cl AiH-e .^kj. O^^- 4 ojij-^fe P j® jJl*.« Aklj^fc jl ~\ 

.-Lib dU^S” a ^j»te j& *.sjL*i ct j* A ^jjlj jl jfi c^^Jjlj p AiJL 



B 


p 


PA n 6 ji^f ^ (j A^A^ • fs-wj p y. ij PA^ k^., P jl 

5 A n PA y tsj-L-s* csUajjI j ,*ljUj (J-**j ij PA X j -k;$r l-^ 0ji> j! ^sCj ji 

bl£iT ..Lao jUU $ Ij Ij A s A x P 

o=* 

y t 

6 I . hA*J (J-v^j Ij PA^ 3 *bs*^" 1-^** PA r c£ jL«*.e Ij A^A^ VU* 

Z A r PA r =ZA, A r P=-=£ 

T T 

*■^2**j^c^l^ 3 *" PAn \Aq aj jl j&'i tajb (kb** 1 Ij (3*^'*^ CS "'^^*" I 

oT jS 

^AnPAn-\ = z^A n — \ AnP — —- 

Y" 

^3*p_3 a (3"^I **7*^y*® &—} . c*** I JUj ji j^3j< 3 ^*E^3>c^J iJ.£. U (jT j,_i A—£" 

• kll ^ 77" W 3 jl^ ^ 3~T 3 k (j£33& ^OjaZSjI 

Y ^ J> k A!> ista£j I O Usw 3s*. }j jl j&jy. n £**** ■>■** »ifj* ^ 
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< a 


aS 2 AJjBdtf 


.*JJ,J* ***^ Y U-sl^ ul~j <s\ji 77 j*~ . I 

rs 




c»L?l aj ^.J j 

Y C*1a<4 Aj j | J 4,m ^^a,9c>i 0jA *5" i^^aS* L a 5"^ I &z uT Vl»» 

t J>*ZlS („)l 3^^-e {j&J y*- A Js2»» ta ^Ju kiA3 Alai; j& j I <XZ» Ij A*j 15 

ji i j PA^ tjfj jAa Ja®. p J 3•* ^b-A) (^> P \jf‘j* 

P i P ji l J {j* {♦“J PA n j$ I j PB J-s-P Ji j <p 

Z l»sjT jl ♦ f's-ljS* {j* J&* J* <lj PA r tAi-s <*AiS" ^la.9 Ij 

ZPA r A N + ZA N PA r = ZBPA r +- Z A^PA r =Z 

ZPBA^ = ZPA^A^ pijS A?Eaa] 

P j\ j* I Ij p 3 ^JP j\ i—*** l l$»o PB 

Y ^ u r ^->-A j Aa*L_j jl _^,« p l_J Lei .}jL<aJ v*jJ.9 j* <Ujlj PB b 3 

jJoS Ij p j ^jjUo a jl -Ljlj PB L a^ ab JJ^ P j* 6I>^ 

.-US^laS Ij p |*a JjI Izi. -^T^-e jr^b j.* J-v»l «-* ^3 M *■! ^ (j£j_^kj 1<X~& 


4)Ux« ^1^10 ^>3 . \ f 

} ^ja-avJ l^> (J^A^a I ^^4.4 J lZ*** I ^*? : ^ ^ 3***3* cj^ I 3“^ 0*b~-^ 

..*/ L) ^jUi 6U A, J 

V*\ >\i,AAkAi.i A$ ^ v (|A>.^ '•Ai 3 AlVj*Ai.A vLiZ* «■" 

v^Vik^ijN) Vi '.^A v vS^» 

j»J*^/ Ja.A9 ^9 caJ ^ j^gje cj -1 *^ I J J1 A.-A^ I A So I (J^b (jL**«i {Q I j^j 

*& j* a$" Ijjj (C*!^ ^.pcaaI (jT j! j! Ij (J-^l <A.f"^. aAi^ oULJ c-»l 

jp?tA-« ^b*»<AiA Aj oJm ^ jp*p ^J.y? I cS -^' «XJuL 0tXi I^*a»Xa1j I A.**iAifti 

A 



C <B i A csL&^jjlj 3 eiL (y <_)•£>■«) A^B^C^ 3 ABC LaL* 

A'B' jl jji AB juf \jf-j> ..tojLiJu C' <B <A' csL^jjij Lj 
A'C' (£j{«»* l j AE i}jb AC j> j <A'B r £3^-* d AD J jA AB j\ ♦*^4 
d*Aij A B C^ 3 ADE £ d"^-^ Ea# D jl «j 

ojo^y *f fj^j *AC ji l1^*us ? A 4 ^ l ,* 4 * 3 t AM Li Ji I jj^-« 

oj>^l .-A..©i^cj fC 5 "* aj A^C^ 4 (_ 5 jL»<* 4 ACji AE 

# 4>iU jl.£s»- Is (JLoadI j\ \ j] BCED jl^ £ L AJ j IJ ^j3*‘^ Cye aS" ^ j*« '““■'t 4 

^ £ fts!j»- c^jij f<jT £ Ljjl Li p.?clj ^\3**3’* J^' jl oili**J.^J (dii j& ^LaL 
JLU &£U jij! jy> /> lE* L.j t 5 ^Ajjij ^j*»:^.(T) A—r LjS* 

dli (^LajjIj *1 ^j& (s-^) 3 • ^3^ Jp 43 ^4*-«4 £+**\j -bs- 4,^iT Aj 1 °3j* u>J * 

i^ij| 5^4 , Lm^M 1 ^<4<i 1 $ ji (£ i C lii ^1 j *r~ J.^»?E«3 aA^fli ^9 ji ( 5 J Ih4*»6 

^ji l*« Ij t 4 ^J*^>AXa*! a.x. 91j £•* 1 


'3^£ 


<j£L>4jj!j t *Xi J .&£> BCE 3 BDE 3 $ BE ^j 4 

jl jZ«S l$;T jl^5o tS'Unjjlj ^ j.g.?s^ jf\ {<k £IS j. i jl jzf jjt ji cjT jl dij 

^•J A 3 i 3 ^* ^ 3* I 9 3^3^ c _5 9 ^ ^ *X*m li 19 3^ 

j* ji p>SL ^j! j < U jj> l i^jLwa OI jl dii (S^AijIj £ 

,^**•1 l^aL^ 

4I^?Ua& C^D 4.5^^ * 1 A 

* (, ^* I, ' M ' I I ^ "* d - * ^ ta» 

,^i\<L^\s <s%> )\ <i,5 o>o>\i> L.L v h , n^&^ Lii 

r .AjT^-o <1)1 (J^L 4,«.i j^.5C>. I A+,9 ^ I ^)T *5^^c-4 

cJ ,¥? ^ jlj—? ^ 5 * 03 * Vl~$ &1 j$* jJ?\ o JvJ( aI^Ii dlj 

# 4*a*J l> Ji U w^l ^3^J-3 ^2»jl^A,jjjj 

-dlj A3 ji Jiju^L.3 (A d^') CD 3 AB ^MjS 

ji ij QR J OP Ja5. J3 CD j\ ^1J Q 3 O a\jPK^ ^.laAj ji jl .diLL^U 


« Y 'p <S+*+*$ 4 - m \ 
Ulli <iw<*«JiAjfe ^po 



CD j* !j ST ^ AB j\ j S yds A.kii j! j <j.^S p<«j AB 
j OPS isitfku i»T ji ST j QR j OP 

OTS 

ZPSO=ZTOS 




ZRSQ-ZTQS 



, U OSQ (^1&4.jjIj ^^ 35 ,e ^ Oi A?Ca£j 

j£j^ } p 

Jy “^‘ ! i i J8*- t O LjJ l_A> < ^~UI ^ ^<A.*.J 

r' 

# *xjjj!^& <3^ lj a*# ^jfc aSZa. 3 jUU ^tgij 

Cj.M»\)Za.Sk. sl\i ^ ^_a\3\s 4,m ^tb ^ 

*^«A <x*l\.a ^i.i o\ ^Av*r- ^3\j ^LiAs <^iVa ^s.l*p )V^ Zu ^>3\) *\§ 3 Sb 

•k*s»- <^JAa <i3^ ^^ 5 ** 3^ )\ Ala 035^ ^5&&i ^ )\ 

\} <4.i3\) £_.!»£> 3i *£ ijS ^Nt) ^L*»\) 

^ ^«*i ( ^ ^^a*. y- i £j*.*t*i 1^> i 

^■j J _^ji^ ^**Aj;L 3 i Ao*>A*& j-5 ^-o I j%^.3wi*« (_)(j i/O 

^ ^lT ^3^ ^3^3^\ f^u*i>Aifc <jT (3/jj^j^«£- _9 ot l,„^«,j j'~ Ji 

jl lrt4*^ pC l^LSCS) jU^J A.iyO.) &a*9i J) ^J>»»J J-J j^£- te.J ^j/ya.3 (_)T j i^fti 

(3^^ ^cl?-^ {J*** ^ s «A,J^ji yi jl ^».j.]o ^jAi**iili l^.">.Us«^ 3 (jl*-# 

jtkllil Jjb Ji^U <jl jij3 ^ji^l (^l»» j ^^,dij A.: |j jiU 


t f c**-^i 


. ^ 




t J I ^4 l&4.«« J*A <*S !ji 

fs*M ^ • 1 Y 

( ^.Pt^i g- tp»p j^a i^-*p i ^33"* J =4 O b I ^ A.4**AX£> «Xj ^7**^ 3"* jb-'T J ^ |"fr^ ^ ^ J ^ 

(Jj j 9 kAl>> ^a j«i CL> 3 liX-e 3 J}*Xx,Za (Jy i^.^a^Aj l-«! „ '■e- 4 *"b■*’ tXisS"( t—■'•**■& &S ^4 33*^ ^ 

ef 3 ^.i ® ! jjf 3 - ^ j IxX^o 3 ^^4.5 9" 3*^ 3* ^ ^ J ^ ’ j OT ^— f 0*1 ^ 

_sIA^»- ! ^ o^jli ^a 9 J bO *<^4 ^a^4 ^^Ja4 < 

j,?t4 L)- 1 ^' ^_£aJ ^_5^J-« <3^I *S ^.Jl.i^c j3j*^ *^3i ji^- : ^ 

L$J 1 i3 ja 3^j^\ji 3^(3* ^j! j* <-**** *^ b> b&! 

3 *& 3 ^ f ^ ijj i ! 3 t*4 A,S £ 3 % ^4 f ^4 1 ^4 *^4 3 ji 4 # *w>a& 1^4 I 3 ~^ b **^4 Ia4 1^ 

^ Q I ^ <Ax^9 1.^*4 ^ ^$.*4 I ^<a} J) * trX^M j j^4>V i 

^jP^LdM 2 3 J,X^U 

^3**^ • 1A 

^1&4.^j. 5 jl ^Jjii ^H_4 j.4 A^i-AXto ^4jU ®jb 5 J^ ^4 ! jf t'jf Jjt C-'A.a^S 

C,jIjjjI ( <^»dA I 4«Aa*«J Uaj ^-)3*3 t-i^*«Ls (c S^'^'i:^ ?Ab~¥ \ ° ) 3^3Jv 

^ US* ^^j1 j Jj! ^ 6Uj ^J^lsI <aS -Uf^-fl 

^jja^**J*S: 4 *Aj b !j ^jJ5 t £ ^4 4b)^" C^ ^ _^4 ^4 b-' ! <&S 3L*-t^t£i j-$-^E*'4 9\3^3^ l 3"^^ *_J b 

(3"^^ 0 (J^/“b.44ii 3 j? *'^j^’‘ m ¥ 3*^3* (3^^ O^” tJ *^^ t»»4 b 

14 £j^^4 ^ 1 J[ ^^4 ^4 J ^ ^>^.3 9 |^i>s4^J , jjjj^ ^ 6 AS^^a«^v^ 4 l-«l 

* AiS" Coi U i ^3'P 3* (ji jl 6 ^Ua**!^ 4 !j )f^ (^,^4 ^<S-»- 

4-~>j^-«ci Jy tiij j3 3 Js (jjIaJ)! ! ,-ij j^S-s jlki j3 I j {jiJ3-*J t£>jf 3*•* J^ 

3£ ^ 3*"^^ 1 3*"? t iAXo.*«*4 (£ ^ 1 3M 1^.4 O^ b/,oII j! j*****} 

««^_J4^aI^,s»» ^jaa% ^*4 j^. 4» l 3 Jy tAxvli Aa. 4 b 3^ jl J3} ^3 jb uJ.4 J 

b^*'C^i.^3 ^ A,i Aa> 4 is j i^.s». j ^ ^4 3 t w**«**»jjj j^j^'®"'® kS> j?t3? 

3^ j ^ 3^ **^ ^ 3*“^ 13**^ 3^ ^3 ^»-^4 (3> ^4 3 * 3 ^ 3 ^^^ \^a^ O ^ 3* (3^ 

4 i3L*m ! ^^(3 4,?e*X4 .Jl^b AajU 


0*5^$ j{ * 1 ^ 

— jl?^ 3 £j4»X4 s^ aj l>w<I ^b 3*^"^ rt **^ 0*^3* ^''***J•**bA 4 if3 u <^3^* f 3* 1 3^^3jy 

b <Sj \^a lib Jail a]za) tilj j 1 »3j> if U^j* I 3 jJi ^^AA.lb.4 A.S^u^aLliti Ob***4 

fY 



j.*?! y ^ 5 f *~j o^^j* cf 3y~* 



c——---—- 0 

\ jc& 

j$ jl ^Js.i jjlai. I jl ^k-b 

^Xi 5 * (J^t I dij J .-Uf^ £.k» p* 1 J *J <-£-^>* 

*\zjS (S3 .Sj&fj* *&&■ jl 

AB ki. EF C***lj Jai. j Ji«b (5jl_j.^ ki jJ (^ J-^) CD J AB pljS 
o£* ji**3 F jj EF d jk P Oj^ t^.lAksj ^ (j^y t j<xS ^.ki E j* b 
*■*_?■“ ( (> $ w -‘ 0 Jj-i ^kisi Jo! ^jj AB j P jl iS*j+* d_*k °j^dd J* 5 •■**■> 

Jj b EF <ji 1 ji t(Sj^ J~* J* (jci i jl J^jji J ^ 

A'S c k? I j CD 

(X£«»St> 4.1*?ll*.& U.«U.& (5jl J** ki J$ *S c*«l tjf j* <jd ^jl S 'b=>- 

^feUjuU jjk^i tj ^3 ^ a;L ji j* ^Su J>o A.i j>ci ^jAj <S jl j£-« ksw 3^ ^ ^ 

J jL t^ljb -bT IjJ <£j& 3 ji fjZ-iji £»b <5^k5j jl & 

iXS lj p*LXi Jys>) i *& oU?=a.A ( (^3^ *-‘ 3 i 

,C**2b .Afl>lji. U 2 ^ ^ J.S- J*} f* fc lj -9 

t> ^ 

K \ Y V3P-^ X 0 0 U-*^ J"* a ’ 4> ^ 3 («i« , J^- 0 ^^3^ dj* *4 *^*4 lH*-* c£lji 

^U3Uj j fj-xlSljj ^^ ^ j r ^b jkl^il ^>1^1 ol-k^k-jj 3 ^U-SjX*.} 

&$ «X^b (S3 ^S"U3^-o ^J-ii! f^jSj-* LS^iv>i d jbj-i 

. f V ^—“3 -s— . ^ 

jU^l^ j (o^ ^r4A°) ^*-jb ^jjJIj-j-^5 A**-j->\ .y 



J3 ,C**J *3 Jk Aa*J.J (JjUsAjjl j Co-jaAI Aj y^i?3* iJ*°Jji 

AS" 3j,J AnA-^J ^A.,^,0 Ife 4j*»«»Aj i 03^5^ C- (3^ ^ otjJ I (_> 1 

^3^ J Ssi+si |A*J dl'KfrUJ^^’^ 



*ii Ij j^SCsK, I CJ^a) 1^3 1 

^l&i j.a£ ^>AiiulJ An**l3 lsl*iJ I ^lj (jl •**>■> (^ °(3^''“') CDj AB b>. j3 dl$* 
j\ AB ji £$h o»i I iG j E A>&* jl A_f ,..j IJ _j GH j EF ^il ^u- 
jJ ^ ,a9 ^> ^ «AjjI<m*i) ( l*t«<oij Ij i5j^} C D 

CD J A B 0 l$0 T ^<Aa*4/1_ i ( A^jAa^ A 3!Ji«.4sI u3j]s J 3 ^?Sja) ji J f 0 J l— JK Jj ! JX.Q I 

1^3 ^ j! ^ J A <5i^A*®l Jii Aa44 ^aJ 

^ ,<4il J 1 *} [3 3 ' J l£Xj3jA ij D j R ^ll^A^I Jii Aa<* JrAi 

^hk) S"* oJ £ 

p*j! Jjl ilAul j* Jo Ju Ij /D jB 3 ! j^*i jj j y jij3 C j A ^1^1 j3 
AX*jj.si. ^jfjjli (^l&A.Jj! j AB 4 1*0 J2+.S-J dlj3_y> ^ftAj j*>j3 j(jJUl jJ J 

.Jo j^^.c ^5i_j D j B^i-^l j j j C j A j i j>^-< I j j lAAs-^ix.# &S 

«Aaj A_5” 3^5* Jj!j Ij ^l^J* 

AB iai. ojl$ (5C:Jl j3 j3 .■>>**J* 

BC j AD t^ji***^ j3 (\ ^ (3^*^) 

. j_^*j C^3 D *> C ji j ^oT y t 
DCBj CD A j *& oToU! (5ljj 

3j if A ^j3 J_jT V Ij J 3 aS i J ^J*p ji f 3 IjS J <k». ^ * 3 J- 4 * J- Jfr*"* v- sAfi*- Aj Aj ! AaJ l) 

BC jl /»B/ DA <^! U - .iU DCB ijjlj /I f tm«*nJ^J ^jjJj .3 l 3 Owl An** I 

t i3»i**A) j-^.fc A.a*^jiX»o Aj_j 1 ^ ! fd»A^>nJ e31—a* BC!B ^‘‘v ^‘3»***i aS* 

Aj Ij CD A CJ*«I oJ l*» DCB 3 A$* 3o3 J3 j J.a^ j^IoAj lAnnil 





t <Xi ! A*>i Ajjj j jA.S"” A3 oA,oUS'<^.?C a/>j I Aj j! (JV*J>J««iI t A3b A». j&Xa 

DCB j DA13 ij? l^^Ea# j j DR j^ 5 **I i1 *»j 

« C^-M I a3U jA dli _yb ^UbAijI j 

i^jC^ b* b ^i %.0 ^ 3 *^ J?*® I ^3* \^S*^ ^p***^***» J A <v £ 1 x ^ I A? ^*i!A^*r4> 

J 1^.915*3 LI f J) Ji Ajljl p.J) t^« J £C^AZA ^i^A/a^l i^j*a ^Jaij 1 ^/jYa.i % A*oT^.« J A 

£**u\ fiA3 OT jUT J A Af ^ J ji <5^} il J A i , luIU««A^ J I ^3 A W** 2A^ AS"" ^A*.!* ! 

ji jy ^I ^^^<aa3 i^ # iA^AiMaJ ^?CaJ C-* |f j J I ^1 AiaM I 

CDA •*—5f f uly A^c^.o Vr /M 1 0 JJ DCB j & <J*J \ \ J£~ 

^ “"' Af ^Arf-U A& I 3 *** AAi li j^^Ca-i ^ 1 j\ &£ ljl.s«.u! J f Axi ^MjtatjS.aK jA .CA-J A»a^Jlav.<) 

f Aa*,J«li aXjb LAj^lj A*.A ^i.iC3 

<j*t^3 \ 

-P J ^2$ ^&U*JA ^ Ai (\V 0 Y*-A 9 \ $0 t/*s^J t3^*" 

U ,1 Ai)0j£ jl ^J^A^itll \ ,A^ij[>i 3 jAnJb \ Jai ^J«jA jA Ij 

l^iT ja aS ^jI^TUjI jl c**«l t£Ui a 1 } I jij jb Lc;j| ja !j 3 ! (JVaUwt 

J I J* o^ Ia<s*« I ^33* ^3^*3“* 3^^ 

i C- J* a* ^ 1 3 *^ aA*lfl| Q*Aik4t ^ I A?} ^ A*0 Ij I ^i»aaj I 3 

*(J^*.Ui! ^j^*a.3a | A^ £ ^ *Aa»*o I M^lT , l^l«S»>.l** ^ I Ai l**a^0 i I 0 J I tAi I ll 

jJi ! J I EF S* , J3‘® 3 -^b OaA^i d I a^ ( \ Y 3^’*^) OO 3 A13 ^2'3“ 3*^ 0^J& 
aJI? Ji jl jzS DHG J BGH c£b.&Ai 3 lj J A3 Li OjS^ £,kj H 3 G 
I j Ai tjM aiL Ait A^t «jlAil Ai CD 3 AB ^ <J?3 * j* ‘-W ^ “^3i <^**b 

,i/ £ k> 



ir 


« ^P Y w»w 




.ZEGB > ZGHD * >J> c.;U* 

Ai - ^ -1-1 Ai Jj D j ^j*~. t^Aj u* EE J> j- 1 HG ^ a -*- ,i j^ 4&T 

GI jij*!HD w/ ^^a)>2|Ai4 G lW H (J&3 J*a 1« oT 

£.ki> Ij GB C»D dlj C-T J9» (j^P j3 xll HD GB 

aJL&lSAi Jy\ 0yS\ # c*><w! Ojj JK J HD aS^sSj L AkSiji *^A*a cxS 
_ C* 4 .l ^i tX^v J j^ j A^ lH'Ah i B 3,dv 3 “ <J^*« Ao^-l«i GJL Ci*k *0 li A i ku.4 GH 

.-uS^ks Ij GB^ HD ^ O*** 1 I ^blj 


cs/i-.rr 

eJu ^J.j 1 j$ I J«* kj ^lji>j ^^ 6 >AaJ t ^^a.9 j3 

ki jAj kJ l~J I CIa*) JJ J Ak,m_J Ai \ m JL**S Ul '^P.haS Ij ^aa •aJJHU a^aa* 

^Jj-* s-*kS" ^ AA %j ^ Y 9 A # i A*9^£*Aj J l*w ‘A-vtf* 

jlji ^juj 6J^j uUaj o%?* j* YVYT/ \ ^ Y Y J-* 

oT ^ jSb )\ \^i;* o^$ ijs^* ol ol y~z *^y. cA£ 6^^** 

.*y kjl* a^iU Jj> oL^Uj ibu.1 (\s/?r-S??V I \ s\ Y-\°F?) ts/ 1 - 

J J J ^*l3 ^ b aS” b j 

jj’t^ jl x^-ci. v^\lb,i \j*JJ jl Al l^&Us J e-b 1 Ij jj>“»XjLfl ^yo\ 

A~*Jl5vjI y* j* jiUi 3 Oil* AiL (£\ A s 4i-? A^^il j! iZ* *u ' OjU O^JJjjjl 

j? (jl^J^-e A?C S ^2 j>z'aA JI?cjj Ai 

^■4»JJ«Ai AjftrfA.i.9 (_) J J ^ (j A*« <5_9J biib Ai ^ ^ ^ V J ^ {£ A^oT jl («i*J # ^1a*A j 

(jT Jii A^ Ai i j & k>s^ ji (^IaJIpmij jli^wMil LfeAi^?ci 

^jki^ji ojUl oTaj ^Ij j3 Af J.9 (j^JJ olJ j.i (^j^il 


• ^ tSj>* 

Sjlij.lj ^ t-j_^ik^ ij*JJ A^^aik^ (£3 d**4*»-jJi f (£j$ L« aS^-XjI 

J^J-E |J.^ I dlki I ^«XJ ( J J^w4 ^jt>M><4 J^ oTj >0jT*J j*l?Cilj*8 (<AibjL| 4iT 


i . Bolyai 2 . Euclides ab omni naeve Vindicatus 

ji (J I oT ^d'T ( > 5 , * w ‘2?^’^'’^ A-»->- j.i A,_?" iJ l4<« & j>" ^4 t-iLiS"* jjil I . # 

Halstedj Gerolamo Saccheri’s Euctides Vindicatus ^Chicago, 1920 ) :C**d 

David Eugene Smith, A Source Book in Mathematics P. 3^1 (New York, 1929 ) b 
3 . Logica demonstrativa 



^£9 Aj aJ” I A^ IpcJT Ip t *A*«lj A*^li^ ^ [^^"v 

^.J lx.' *kl Ib iA&i JI jS (3 I (Jy Is*. 4~J O 1 ^_S.WE»;ji ■^3*’“ ^*3^3*^ 6*^ O^ 

4 AaaaJ I j ^ I 

^ \o\ ^ifaks* )i «iboT “^h"*^' 'A.i.^.U J jj.il jjX9 j} 0-k^.A ji (Jy I ji S / 6 

li . i ^} 4/^Sk. ! S ji \q& J^l 3 «Awi L# \Q&^,0 4i J} J 

i^-5 Ia3-T iXi ^ii j^jVi ^ ^ ^*P J I l*i i (S 1 ji {£ O IpmaS" 

j$ 4,,^0 b ^X-m^A ^ 913 ji «'^ 3 ”* d*A,Ju ^ 2^3 3 4 s* 3 ****^ 3 

> 0 «'«<t 6^1 j j 1 ^*6 13 J 4$63 aili 6 V«.J b ji 43* ^ 3 * tJV-A-N**! 

^Va 9 4ST ^ J ®ibix**! jl . 3 ji=*. 43*’3 j cS ^3 0*A*« $ib*T ^l^i 

3 i 3 f ^ 1 ji |^.fc b 61 iSj ji3J 3 " 1 ■A—^ ^ 2*16 j jl ( 3 ^*- » ^1 6w^ 3 l^T O ■ b 

.Jjiji 4-6 U jT «J,£ U 4p J 31 ?C^S 4i jl j 

^53 1 ^^m« CD 3 AB ( \ \ 6^^) ABCD \j^*p 6 ^6-^ u3 J 4 6 j 

61 th>Ixj U ^>cIj ^jb> 3 ^ 6 ^ J' 3 JL. b 6 I4*j ii B 3 A j 3 

4a }j CD 3 AB 6 *# 3 'bUi 45 ( 3 ^ 2 '*” 3 ^j3^3 D 3 C j ^ * j* C-jii’ 

3 ^^“— 1 ?caJ I 3 *^ 5j (S3 6 "^•^^•**> I l««»«® 4 w^i**>l I'?iTw 3 -i *A ,a ^~ ^ ^ \ **t ^3 

U ,^ £ &^ (JX»«Jt.J jj i 4.S" I j 4,?cj l i J.i !j*J 4,r l^jj 

a X«j^U 3X^b 4^-ji^lj e^U JJ p~> b^ A^jU I j D 3 C ^UAj 3 !j ^^Ul 

3 I 4 3 3 P ^ilA ^-««ii-^ 45^ ^Ji (SJ 6 U& i ,C_jI>:J i Ij j^.?eXj 6 v®l 

3 .ftii\.&« 4i3\) yjp’jS 3 4&-yu* S,i3\) JJ 4 i 3 \) JJ »lX* 9 j~r* jjdA ji (j^^3 4« 

j (_C 3 4 4X3* i J 3 ^*' 3 « ^*^29 l^j 4) _^T 3 “* ^3 6 ’*’^"^-*^ ^ i j IIsimJ I 

•^;X*v.A I 4 J I ji (jA^Aj ^Uaj IjS** 4.r i^T oU? 1 3 64 • J* 

4 s_J.wi\ \^>»*» \ 3 

vj»^ ^ '3* , ^ S 

>lXi ^\.&4pj3\> v?siW 4i3\> Vi A*-^su* 4i3\) 3 4 j 6V£ ^^3^) ^V^N^i , X 

^ 4^1 V& 3 ^ 3\ 'w-w*\ Vi \,)\ s!b.**»\ \.Vi -x_j.i*>\ j^N^i 4X»i^>Sb 'w.Vi* 

<.>\ (.Vi v ^3V» m .a ^iVa*.i3\) 4 $ i-i^Vi < i.xii.\^ b^a -3 wVi* >i\i V^i J\ # \* 

^i 3 \> Vi 4^.^su* *.i 3 \) Vi v’V^sVa 4i3\) (,^ 3 ^ i«!>Vs 4<j.iVa 3i >\ Vi 

-vlli Vi ^diVsv 4i3\) Vi 4»ik*p vlVi ^_a\3 w«»\) Vxi. ji 4 f 

^^V^Va )ViN^Vi Vi ts^\i i\il*\ s6.i 4$ ^ (.Vi 



<C+*> I ^aULoU <33*J\j Ja»- a 5" J*bLa <S 3 9 *' 1 i ^ -VijU ( *S <£jZ \** 

(£j kJ 9 j* b % I Jo Aj^IJ bj <k»*jA~-4 AjjIj \jfj* j' a^UX-tJ jA 

^J.A.?Cy6 A •uS'j* cjl^cil £ 3 ** Ajj,j Aj 3 w>j b Ij (J^l £**»* !_^J 

1 Alf A.<2 A&l^sL oAj.} A*i L*l ,£*4*1 (J^j9 1 ?ea Aiif fA^b Ao.J is C^iX-e (^IfcAjjlj 
^X.^. j I 0^14*40! Ij ^J'y«A*.**i jJ) O b<3j> ( 3 3I o3j/^i) I 3 kus ^.fib^-eb _jl 

t«**44 fl ij ^£29 b«J ^ tf 

(jf"j tlaX j! A_$^ ^g«ya,9 lXj ( C1^4«i ^L,»* cAl^ AJ 31J (_J^_^® aS* A .si f jUa IaI 

aS"* ^ 3 £* 3 3 A^ ^! aJAaJ ^ ^1 [J^*v ^*^.3 L^^A ^g A 

Ij C 1*0 f AjAaTjJ ^.wAglsI Ij A44AA& ^JA^Aa/O ( jf» l j i«At9 A J l-^-J T jl C * C A Ia4A»J 

jj.i> Aj Oj.** AST Ajj!,} 333-3 Js:L A$"a,cI?ej 1^.* <JUc.-e j-el ^jI Aj j* £»9 J?&.»t*?3 

^b® [^ # »^J Jlt^ t^*J I^aaJ j3 jfJ^ArtW* A^JAuC ttbjAj ^441^4 ^J»JAaJ kfl * i—bjAj kAoJ lj^>4 Ii5 S L«»< b 

j 3 l£ ^■■^''^A"^"^' 4 ^ £j~ ^ ^ ^ 3 } ibMI I aL** j&i tj£ J$ [m *S 33 -L^e ob^bl ^l**.®*! 

<Jp 3 ^ ^ 5 ^_ 3 i #*A^»«JiAa( < j"' 4 ^” J 3 ^<3)3 j^j ^_)T 

I 40 jb 1 # -X^u,i 3 1 L»*»^ fl .J _9^ -*^v t ^* , *' <, *^ A-bTjJ 

<Cm»J jl^ j3 ^-^.SUJ i aS"CU**I tf-\ 3 4»jJ jj^asUjAj Aj a5" ^j d^^J _^j 

^1 ^j I £ 3^3 b J ^3 j Aj e l j! b A44 >Aa& ^ , fl -8V^~ 

^^<40 6*A,44*^.J |^.«t*.2». ^5vJ 3 ^^£5 j2J >!>>. 3 J O b ij jl J 1 2 ^ ^ # k^»44r! Ap»O b i -00 ^A-« 1 ^J 

3 J b-t0>J ^44iAiib CJjl^.4 A$" 3 JI 40 J"“^ <wJJ^«fffl.J 1 J ba J A 4 JIJ 

U' ^ a\a^ j^b i iAa^J 1 ^4C«AaA A 4 * Aj 15Cj jbj! tS^»J A^" _^l 4 C-'-iil^ 

A$" ^jfi A^wJ Iji-s .<1,15^ ^ixb ^,4».fc b O ^ ^ 5 "^ 3^” 3 b^j I J 3 ^ *dn&»b*«J I j 

1 0*9b 3 } ^ 3> “ i *~aXS Aj l«#l i A AXa^.I xAj < 5 !^ 3 } i j \ m jiJtJ^ /»^£* 

o^«y .rr 

(^VVV-^V^^/^ ^6?-^ °^v) j^jj-ji* jl*ji oUT ji u S\a;I 

A.1a44i _^J I^j jl j,^Aj^kjojb (ii J ^ j J b^j ^40 Aj;U i U A^AXibi^s^r Aj ^ 2 J 

«,^Ujaj c Aj^jf* ^j^aj AJ; j^txx^ ^ SPY 3 ~* ^ ^ 3 ^<j* ij trjif JJaT j* 


1 . Johann Heinrich Lambert 

2 . Georgius Simon Kliigel 



^^jps-ki )\ \^1«* ^jj^ijiw^ j*jaJ d»*«J tS^A^brfAA c^«& l*^ 

I^.*£. A.' d>, d*® b jIi*waj! {$3 J"^ 3 ^ ^"**^ 6 iA^Af A«*.,i49^rJ \v 99 /\\?bj* ^ 


^*,1^ j jT l^v*- 5 f A,«.J U A A J IJ 4**b ~>j^i aH^S jIaa>-! J ^•6^’ * ^ 3^*" 

a.Jj£ a*# o ( d-wb ^jb*.** 33 , b fl 3^ 3 ^ 3 } a ^ji J^"—*5 (£j^^** ^ 
jJ> ji o^U* j 4^.j «uJii 3^ u^hp jU-*' fJJ' j _P ^ 

<_£^5"l«i jl ^L». d*A*.j I^j l^i I b 4.5" c*$y 4>£a“-' j 

^ 4 . J^^C-C^A^ IaJ b dA*bl <■ AM llA^ CIaLa^ Jl^ d'S*" t-W -0 453 trf»i b 3^"^ J*^ • ^ jj.1^ 


b j f^j.5 ij^ji dJU j.5 aJI_5 j3 ji 13 J j ^ 33 b-e ^;*j *4*115 i ^jU^jU 

(JjJ J> X^XlBs J dJU»^J ^A'aaX> A,.«,„U& ^a 4 d-kbd (£j . j» j.« J cJb* J<^ ^5d\S 

fd»»*b« Ol£d jbb*» foT ^jj.5" b <d*«l (--«"Iaa.-s did j& d»3xl-«*-o 6S 3j 

J^« ^'''" s ^4A-i.A& Aj ld*4 (£ 4j a5" " > ~* 3- ^ J^T _& 

j^ a.5"d»»>.•«< {Jr 9 ' *" J j"“ ^ 33 ^^ j i _5 4 j ,a '^ 4 ^*j^cj?jj^ ’*^3^’® 1 ®^*“ 

^3'®°'-? 3^.b Ji3»>,i_J iiij j*^A« d>vl bk> 

t-«l j Iaa£ ! Ij j {J 9 J ‘k4*JsX£> I^J ({£ O l*u «Ui ^ 3 ^ 3^ 

bj Ifflk[j-^ 3 bX aS ^aa«,^>^1^.^ J 

419bJJ (5 j jS JvjUi^ ^Pa^xA^jU J£jgA^U i^ljf A^X<& {$\y 4 4.5 

Jj 3^,> I ji 3^®^ , J.J»t J^i O bb*3k! 3 1-g-AAAu I ^aa*«aJ 0^ 4a1c< 3jVj* 4,5" 

diAj Ij f f ^avJl£* ^ 4^jAa& tf d_J b^A* ^A(44tJ b 4.5" *»b p^^ii 3^ 


X 1 r a 
* *^ J 3 Ai> 


d>bjt jb b!^4 «ii4a& iAa^^Ai 4„5^ d>**4/iiAb Aa^j b O' 3' 3 

{J J* ^ ^ j9 J ji X>Jj-« Ji J b b ij 4J t-^.e J.i£ji |-o-3S"J 3^ ! 

oUj (S^ <J4$<S\&l)3^Z*z$ *&3>*,y 1^> 1^1 

# i^T" b^ 1| ^J \^aJS 


.rr 

jl pr*A5"^^-0 ^>:^J y- 6^'_J-a ( J.4^i ol-il 0**“ a J^J^ ij***! <—“*"*) Ijj 

1, Theorie der Parallellinien 

Die Theorie die 3 - ^ *H Stackel j Engel l-»IxS^ ji j ca_JI#»j jjl 

.d-i «4-i yl?- ^ ^ A 6 Parallellinien von Euklid bis auj Gauss 

2 . argumenta ab amore et indiyidia ducta 



(\ AYT-^ V6Y / HA t-Un) *i c$l*jb*l 

<J,*^b e3 J 3»* 4 "'^ J***'! ^4 dl^S *{$3 ^ i^*«i (jli».^i .O«^bo cJ 1 ®^ 

tLb^ bo I . <3j,j g 3.^T i^.i*.Aj (3 L*’,j,rtv/-^ ^Ijjrw^j ^>a.£> -ij _jT i»<**«Aj i^j I j 

CU#**«j! j^j^jbajj3 C'wj'ij C^s^L# j^klj® SA*.,.* 0^3(j? 1 ^ ji 3I iS ' t ~** AM ^ Jj- lu 3 d ^b* 

.«Aj3^J (j £dj l**#! J^) ^b !3A**3iA Aj.*^.} I ji I J L§■^'3^3'* I Aj Ai^hfe 

.JdUxSU ^jj! cJ \j)e> )ffJ j! jl cSb&J'iUxJ jl u ^*j 

«Aa». tj ^J_jT *«*^J bo J Ai ^ A.J JI I 

dS <ijjT Jjt j$ jl L*t (J?^;|J 

j&».j$[i j AajU jS jl j&Jji b Uj^ b {Sj^^> 3* < b*3 j fj**** U-^ j3 

. xS^jAi Ij j«lT cJU- ji j.jljij £ jlj3*^i j <jT jl 

u>J I*. j.J <Al *i<XXSb j^j A^-col^il ^&b.*.*b I j i»-oa*I J b >» &,i Ifc ifT b O^’?* 

4.*J>\% 3i )\ \Sb\3) ,5 jb ^Jj-jj oU1 t_4 I J f3^ 

\ A °° 4 “Ot <S3 l**-® ( \ t“ (J'^"’) ABC u^j* 

,»UlJ /"%*jji j J3 j{ dlj ^ jS CAB j 3 3,^U 



b DE ^jf ji;>. E b ij AD BC D *4 A jl 

# «XAa>m 4A> c^44"4 , * A,fi;i CPE 3 BJ)A ^ igpXL*^ ^_j^3 E C JI ♦ 3*»b ji l_^i AD 

jyb>CA l—J 0»-4*l (^3^’*'*"* A K C Cl^l*-# b A.J 3 I J £• A&ix+i) ^ji 1*0 b 

<Sj^ CEA 3 CAE t£b*jjij jl j£> 3 MA°°+a [ i ^ABC 
eJbt# AEC -Xijlyj,^*tsl^lb .CAB ^jlj uJvabjl c-«l bfb C*«I 

ibc^jUw* J2.jbljj jl ^Xj j ^o°-J-Q' li {£j{«~a bl3j ££*%*+ b-b^y* C»«3a 


C^*«3j j <*$*£II Ij jj~»k.l*« jjjl ^I . ^ ZCAB jl - > ,fc ^v'3^ b 


1 . Adrien Marie Legendre 



4 < 4 jr&J l«.AA.J_$ I J j! 3 0**«l ^ A ° ° ~}~ $ j5.jL.AAJ jl j ^y«*?T.A ±S 

\ 


,C**« I —ZCAB «jl 
r° 


jpii-i j b *Ai21| 3 ^ q[ 3 ii" 

z!CAB < kos { 3 '"*'" ^ k -'***'^ CAB jl ^ jl ^ ~* 3 s ? 3 ol j I ^aU*.* 

Iv <C Y n A$^ ^ 3 *“ j LXaL ^ 3 jk j*4aiT H I 

— < CAB < a dftT 

T° 

• ! +m^-4A t A^J 3^ ’jl 3j^ trf>i4*t .JLoT J4M (JJLAAJ jl Viji ^ 

# W**t4**J *XaM ls^* J ^ i>0 I 

# i5 ^ I ^ c o^ I I b *>Uil I Cr^^ 1 i^riUJ jfc * p 

♦ C**«l j«^-« j*Aji». Jai. 0^_^J ^jfcliJUob ^ Jjl Aj ^A*. 3 } j*i l?=Aj| 

[3*3 ^5"*aS^(J L». . 3.i lj ^ 3 ** L^ J' j% Ij^o 2>j£ j>Xi ijj A$"^j A*a b 1^1 

^ ^ t LrfA(#4»^»W'^wO J|^ I J AfftiiSl 3 3 -' f ^3 M jft Wail*''*’ l*« ^_J l*W j£5 tp. 

jl ^^4 ^3^3 4 .«^’fo^4 ^4si Ai fjZae* {$Jl3ij£ ^jl Ar 

jl ^JU. .A^b Aa.jIS Jp jf j3*S JI jj^aj C*Li-« (_£\& Aj jl j A S' (jT oL*f (jjljl 

, CamiaJ ApU. 

4 J>3 1_j <5j ^ 'p (J5C^ ABC (S b.AAjjl j A_S" \jf J$ 

,j.^u ^jjij 3* jl ^ ^ jl jji BAC ^jjI j j ^ ^\° 0 — cc 



VP J£* 


c£l*A.jjl j aS" »Xjjlrt*.j ABC I —j BCD ■aaj L* BC iS 3 J ji 

jl eiS^iT # ^;*ib CBA 3 BCA (5^ A 5jlj i—j {£3^**'’* DCB 3 DBC 

**u$^ B 3 E I j AC 3 AB aT3 ^S ^..w j ^aI 3? ej^ Ja*. j) 



jfU aS o , c***! \A°°— ji : BCD (id** 

j £j+.?SA J,£ tj AaJ is j j jl «Ai I J^,Ai £*-lU ^ t& A J J ! J ^J£*.>CA Jv^U OJ 

4—«* jjfr'*** I J3 1 * \ a° "k- 1^ CFjlF 1 j^s <BD1E 

*S Q^ AZt+X) J,*2 j£')j\ Vt °° J ' d^U-9 jl&»- J&> ^UsAjjlj ^JA,?|M 

,ju$ti \a° — Y a AEF ^ *j# Ajjjlj <k±o ^^j.A.PE.0 

JUT^-O A^ ( ^3 k j 1 <^^pUI ji 0 jjji I 

( »«*''^i} 0 ^^-* a ^aI**4 jrf&ji b*l ,«A**U Jj'i ^ A° ~ — " *b^ ^ ^5^ 

Alf ( m }'“i* > 1** i* aSo^IT j Li*i.! <^S*jji c)U>. ol jJ^.* fj Ailf j j i?tJ Aaj^s jA jl a^ 

+ 1 1^5 * A*A^^^jS1 _j (Aj^li l& Aj j 1 j 

C^Ujj! jOjj^ Akiijfc ji A!fc«J A*i.&i j (j^J^ ^kj! (jjl OA^jJwkU 

^.kl tj Ajjlj ^.l^» j A j& aS Aa.^ST j -k»» (ji j.I^-4 AajIs JLsjjj ^ j„« jp j i j,r 

»p-^s^ J^-Q (J**i^l lj CA*«! jjlj^,& AaA^^jj) isA*t jjTaU aT tjlXjipAi^ t JUf 

jAsljp jl^ 9*A<h£ j J^k As ^.^-« Ij 1«,i3.j> aJL»j^ 

V^^V^. jSj> ^ (vS.&s \ AjA\.S A^jiS \.3 3i y C'Vtb j \") %\S) 

ym sJljiAA ^,3 \ -ioVs.! As J i\ ^ ^S^k&» j\ aS 

ABC («i.ii^ (_5 U A j J1 j 0 J& 

Cl^ln^s (,^1 ) mm \ Aa^I^A-O.J l», 5* _j3 ^ ^ ^j>SCi5^ 

ABC ^ c-**! ^*Ai>9 $$ jl a$" ( ABD 
q ^Ij D As B o"h y (<r«j b 

^6 J,C' ja^ l ^ J^^^--* !»I^^a*<3 jT|aj oA^ls^i 

^ftU^UjAx^e b Vb p &S ob.». j ABD <£ j aS" 1 jJJ .C««il (jU»i 

jS^/aJU 3^ jl 3 (A-ili ji*^Jji A*iJ 15 J^ jl Asl^S^^S (^"< ' J <ki. (,J^j,j 

P jJv jS^Lj Aa.jU j 3 jl BDC ^^-9 (^l&Ajjlj ^J.^?c.fl A$" <AjT^^ AJSl; 

eVS,s \^,iii\s A^.5 Vi5i \,s yCj^V***.* ^yki\&Ai3\) aSa^Vs AS.i»\cs 

A&Vi A-^sVa ^.iVsbAi^Nj ^^&«a a$ C-K^-Vi^. O^*^* ^^Vm^Nv^^Vam,*,* Ap\Vs 

s Aii>Vs jS)\)i ^jp>3^iiA VaaL uA» j* j\ ^sV Mi 3 

ABC /i 

1<M> Ctp) ^ ^a 9 j<»^J I {£ j 3 ^ ^ ^ 

wl^ JA jl dij elT j& j }Ji Ij BD £b«j! 5" j-?si ,jjAs <Adb A^sU jA 

J I^jT jl ji iA^«ub 1 ^ j| Af ^ 1 Ai jl j3 1 j»s t? 


B 
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/ Jji 

4 ^I j DE^ jj\ BD J> * 

»$£*.> (3^j E A jl j e^jZ AD 

UJ I __J 1*4<a>© 3^ •fj* 

E j 1 ^d ^ lia* lAiJS li C<r(v^.<«£! d.S" I j) ^-J ^ Ii J Id 

dij *\1 j 

^ ^ J' ^ lAj ! ^*&|J ^ *—S^ J 

O^ft j! (SJS. l5 jjl J'^^'® jl^ fji l J i ij 

Jf~® { ta $^^’ «^i*Ji*i5 A«^i J ^joSkt*e J jls jjjJ I I # tA»i*u l_*J ^.j p' ^ ? ji I jb ^ 

3j^.* 2 is*. -3* Ol<^&> jl jl^.>. dLj 0«*«l ^j$s«.-c j»1?ej! jam 3j.*£ JI^5sj 

d^li^ 4a Ij UT ^*1** jl-&»- jl i£jb-9 .X«Lj jzf j ji *p JjX-o iasi. ajl—J jl 

! d*Ad ^...ys:,? ^i j\ l? 

ft '\&A \ A&Va 4*»\a 3i *& \bi\i Vj^-i ^ ftV§^ 

\.3 3^* ^ ^Sh S^ViNS) ^ 

^^ dj ta (i^»±v j Axfcj t? j«3 3 ^ J ^ a5^%A^v Ij q*\*m <s«st<3 ^aL^.-<o 1 

A,S^ 3^S*° ^y**_y^ II J«3 

^ I JJ A-/ } J ^ I ^Jf^jU* ( ^ y J^d;) ABC 

I ^ **3 ^ ^4WApfl «3 I I l*w«9 L—**^****'*© I i a J‘» ri ^ A -*V J* J“**^ ^ I I ^ J id 

j! jxf" Jji i^.3 [ M J ( '4a,* i_i jjs t/'I^Jjlj **■" A™^ C.i*i*« Ij DEF 

iS fj j .A^ i« ij CB j CA .di^u ABC dA*-° ^ 3 ^^! 
o^ j^j B' j B *-i ij A' j <CA 1 =CB'=ED == EF 

♦^•“'l c5j^ ABC ^ ("^E 4 " -J A'BC ji 



&r 



c^Aj i a?c*.«>.j o \ aj !j <&**?£.§ ^jI jAj! J 

A& \ O^Vs A*,>\i> 3i )! £.<,$ ^3^.sjs^ *& aJjA* ALi*\i ,^^1* y*\ 

A-^-J )\ s__>.V^>A >£fc vAJi 'i 

J*?? Olof i$1 j) j£ tfc>4laJUrO . X 6 

JkX+..JI<S& > ^IsiJ J ! AwS”" |^?EaJ ^ 3*^ 3^ C_}"^^ 4^ bj 1 (“j^ 

&S3 jj!^& ^ 3*~ ^ ^ ^ ajIa l5*Tl „i L ajI&I^T •iji')^' aj >UAwb 

. A) ^jj^[ jr* 1 3J >A j*^ )^< 1 **^ Aj A^Ca^j J^ 3 

^,ft> \x\ .AjA^j eAXXlfc-jUs-.i.j J ^-gT^l^j! ^.^cj lx j A_j C*JU» j& J$ LI 

j,A> lL> Ij Aj i^^J J ji<j^>j l^.j I j I 4 CA<* I &<X3u UjToI J J^ aT Ohi! 

L» Ij l^jT^j 5 A*f Itfs aIsJ L*..« U ^I_jJ J ^XX9jjAj 

»p*i^4_5'® 0^1^ Aj Aj J$ d}«l j} 4 -jI« 3"I _j-i j y Ij I j ^J.**aS £jjl L 


0^3d'b oUf <X9 

J ^ L^A« I ^ LJj La) ^. J J)jl^,i^i ^5 {^^.*A*+ •*••0 

Apz^ (jT j} l^aa^j ^i»A^T l4*i^ (Ci^>jAj •if A^r c«.i /i obu 

*C»<w1 Aj y> jjjA) (J AX**1 ,C'mI a JJu AX^il J& 



oi jjz> j^aj I C'frl« c*^»- j A *y ^ j AB (\ a (J^) ABC j* 

C (Jj>»* ^ J CL • •* J-& ^-91J c-*«i oA^; <oix> X>! AX.^I L b’ aS" CA ^Iax^I ji Af A a fe^ 

i. Bernhard Friedrich Thibaut, Gruadris der remen Mathematik (Gottingen, 1809). 
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j Aijij M A^ BC ^lAX-al ji b A a &3 o!jj-XxiT c.£l« C» 4 ^- 
*$jS jly N j<* AB ji u jjb j& 04*. o^ B ij BM j*^t j+» 
Aj^IjA** bo! o«Ai2 ^J'.^.tex.^ Aa.j Is j ojl^ilAi ^ A T^ A^^k.** ^k*i 

AajU j^ 4^" ci> jU**«o I 4JI f-~ o fcikl* jl_»L a^jjIJ a** jl -XiljUt o!J3-^ 

a*.j 15 S3 !**•*« Aib cki-e S 1& Ai 31j <s 

oAiilj,;*. .JjjL ^I-UpsI J^ya.1 Ai aT^I^iT jl I (_£lAi^,^i J'S/jKjJ 

S3) ji £-»l j lJ^pe.* ^UbAkii J^ja* ^jl JJ3 A—S 3j_f AfcljsL Aa. jj ki 

„C*-»I f^k JUxSI A$k <0ljj^ I4.il Ai* iS (_£jjki *U)b^c ^_j_3j aAii^oljJ^ 

AB ^UxJ )3 UeJ I jm> Jj^^,e cS^4-' IJ J.S jl AB k»* « j b A$"3 ^JS^po a A.O £.51 j 

6«A**< t-jbj ! I )$ l .a O ^i t wILa*a I A*sb ijip.il CS*k-Q K** iSj [ •wA ^IaL^U Aj 

[*4**- I4JUiiI jl Olj-J^-a A_S* J i X.x**.k jjix^ppo jl ^iljJ-S J i4.il Ji<0 I AS I 

Ai J O I S* j CS*** I LD-»A«jJi ^^JiAaIsI A 6 C>Aa& J .S kjiS Ua>*ik>« jji I i^l . 

j <S 3jr* ^a1.5p® t51 O I £} {j^ I ) JV-UJ , o»*j> I ^>pE*i f~ 3 *^ 3^ (_1 > ^I 

U^**l .J *^ 3 )* Ati»* 4 A lS bl^ Ai ^ I \ tf APCaaJ A m J j 

• A-oU jl 

OLII Ai jJi j»l?si i fA D^*«* ^ i^-il AkisJ dLi i^.11 j 3^ aSjJl 

PAL Ai Jt j A^ ^.Jl jASCj <jii>* A lj PQ y I aS" I ji j -V&l J,?ci Oilk’j 

•A^l^*^ c 13 S 3 PAB Aj ji I J *f '*JjS j^ A?e £ Xi tpi-iki ^ 4 ^ Ts/ICjAi. A i 3 1 ) < s 3 i 

3 * J* I A^ ^^9 jji I b I Jjlj'S'^ ^^feiA**"I ®j 1“'I { ii j*'3i^” aS" 4Jii^. f j j^jiI 4 3a 2 
*XijL*.i i4.iT jl ^Svj lj S 3 i****j> c^bljj 3 ^.ki jj WA*ilj kaL 3:1 fo>**lj k^. 

ImImI 1 AS A».^i 3.Jb Bi b (J^jLJAo LX-c (^U Ajjl j Aiii 

{S3^" i * ,n -* _jk 1 aa.« AjJ I j i^««ljk».jS j3 1 I ^ 3^ AA* ii Aj ti AS CS*«<f ^) l*.& 

b A^ A3tA*i A«»i Cri Aajj. j ^ ) 1 3**^ I Y ^ ^ b Ai ji^i<i 3"** , ki^ ii 

.J" ""^v ^ f b^***^ (_^ j (S Ai ) I ) tXJb ^vks lj (4^ T Af ^ J? ^ 5 k S ka>. 

.C—I Y ^ i ffc-l J* 


'Uilyji i^Ui L_ 


1 


U 2 &U ^ y 

6$Ji) OlkiXM^U jl fil^Ai aif* aT S Jvpji^ 


.X V 0 ~X TV y>\ oV«.ib j J^ j l j j s **i'*jK jl ^Ua^U <— . \ 

.( \ V V A 6 jij) ^ JpU- co\ ■ jl'O ii ) ^ ^J.^.M.3 4 X 

Developpement nouveou le la partie clementaire des mathematiques. 


Ob 



^•5 I U <XJu S ji (_Cj> l . j j (uir-nvn l\ 

;J>i 5 C-j 

«B»J J J,-fl 4 Lj*(l^i <A *(^ jA«) A\B^ J AP n Jai j 3 
j,jL .axkjji-* 5^1 aJU jl AA x B n j P.AA^ j £y*H**$ 

, 3 ^ 5 " 3 JL&l^<£. ^LlJtJ Asjt* 2 . e 3 l 3 3 i«Ooi A sjI-^jIaj A n B^ J AP n o&j& a£ £ j£ wol* 



“A B^A v A x ^-5^j 4 «5^"< iSj ^-***-® BAA^ *A *^sA ok^ ij AB 

^9(3 BAA^ j oj j-i AP^ ® AjT .AA^ 3$ o-J ^Uk^ A x 6 ^ ja 

APn 3 *. .3 APy- 3 AP X • By A^ A x j^ o«>i P^ AA n 3^ j A i^j*-*3-«^-« 

jil^j 4*.fe Pn — \ APn 3 ,.*3 P x APf J P N AP X A -^A ^-wj <jk»> (j 

j! A 09k O^^-* BAP n ji VjA-'J ^ 3 *- ,BAP N *Jjl j k 
AA X jij APn A” ^ 3 ^”jL«».i uAjj.i j*kw S 1 j n jS*jy% BAA^ jij 

k*<kj I^Jl—J ^^ 3 ^^ ji -J 3 * AjjI j 3 33"^ 

w-(.^.ks 0 1 ^r^j^kj.,® |tf&j.J (jij^J^-o \ j Pn— \ APn 3 ♦. .3 P^AP X 3 BAP ^ 

« Ei^^,]^n k 3 « i 3 * 3j^3 i k*<-® 3 ^ 3 *"^*^3 k-ViXp® l^Q l»«*tyO 

cSji^lj An— \ An 3 *.*3 A x A^ 3 A x A x cSAA X 3lAo1 jj ^ f i». 

AAn 4 A •'^jA'* 4 ^ ij An Bn 3 * • • 3 A^B^ 3 A X B X 3 aA l^^. A A^ 
3 BAA^ B^ (^Ia^sCjjL .ISGT Ij k^ oT 3 AA^ ^jij 

3 J^3* ^ (SJJji ‘3^3-’^ b B n „ ^ A n _ ^ A n Bn 3 ...3 B^A^A^B^. 

*uks L> 3 ^ .BAA n Bn *■+-*’ 1 ^ I j n ij 3 ^ ** 3 _y j ^-i 11 aAj t ^ 

Axki ‘^•'■^ j3 Ij BA.An.Bn BAPn^*k«-«k 



ejU! A n B n j AP n j BAA n B n ^j 4 j ! BAP S 

ift A^^.j Ij aS^^(*ao! I^caJ f j aI^J lx«$ 

j ^ -*44*1 ^ 

^jT I j l^icA J 3 Ad** ^«s>4 *A«J *S OT ^^tj5li « 1 ObArttO daM>{«^ O^ (_^ ^ j 

Aiiife I j I IfcLoJ>5 Ai.*.4*&& l—»& 

BAA nl5 *^^ oUk® Ap oUftjl < uA*-^Jl/fc <51^ 

0^*1 ^ jfi" ^ I IJ j^J i — iAaP5a*4I ! J 3 

J t JI A.3 »Xi4ij^-« j)a.Xi j^z ^ l£^" tM J f ♦ <£*ja ! ^ L$ ^ ^ Ci»9 ^ ^?e*Xj 

ijT I ^ m «A*sI j 1^1~^ ^&li«-..olj aSvjjIj $> j !«Aj 1 Aj ^jl*4«9^\x^! «A*iI j _y*^ J^J 

j Ojj,^» .>^5" 4 ^j.s». jjxjL -UjI j$ IJ *Aj l j !j Lx-oU jljjLa j£ j& ^jU^ 

,jJ ^ 



^Js>w\a • V A 


^ jj ^P’caJ I jMt {Jp kx-« iA^!u jl_C-T j ft-tat 

J.*^! oI okj| (,^1^1 (_)^s o<A-«j^ •J'j1 *j l^l »^_^} o»AiW 

^jS«.k^ tfl^lT U Ul |*ljT r !jT i&Jl'yKi ^jt ,A.O ji aJ-AA^i ^J-uT UtJ 

^.JULilU J[^jj ^ £$ Xs$S t£j«t*j <_£la.kij <L_j ! ; O^U«U*k*& 

(— * *.Z*za.s*m y^ ^-^hj ^aa L^iii*3 ^,5 • ^^-2 i k AJ J1J 1 ^ 4 ) 

A,». aS”” A A .5 _5 <ju£f lj!j^ -A.J ^ = :>. ! J? . c ^f;>UT ^jI *f«L£ 


! £j ^ J j 

— \ \ O^) c+i'& JU*wi» j_jLj oji; *$ ^yLj Jj 

(Jp -i ^5vli A_.' jj l<yI3.S I J J^-; Jal^ (^ A of_ W Yf 


kJ jj Webster _p j c^jjj Erokham <Js jU^i h _,jk ji ^.*-1 jjl iLiJ.j Johann Bolyai . ) 

C>LpIj-» ^j& AslaAj <*~> l zS '^jji ja . £»■*»! «A.»T 



oljjj oT _p (£[&**j*a jS *$ Oj=^ 

{J})''^'^ 3 I (JJi<y2.9 A.J <A.,aOAA ij^s>>» u,^»; O!_J>*$ ^ f i£ *£l,i 

l^.j t (^1 *A?c 2 Aj j oT y.% A_r C^-wl j»jV J <(ji j*$ 

#s aa^u ( jl 5 ^ji« ij J j-*-*-® c£ -3 ^«Ia« 4^ axI [J? ).yp 

{£ l<^t9 Jsl **0 ^<w/-bJ.9iU 4.*a:AA& ^^0 i j**> , -A j,^ ^js 2 aJ <skX9j *^A9j olfap Ul 

( <A$vL ijAijflcI J j» j^i-o OW® (3^9 I 4 AJ Ai J “^JJ^Sw f^jp IJ ^fo ^ 

.^l j^iT Ij I 43 T ol 

^Ulj A,i i j 1 A.M)*A*.£> *A^^* j 1^9 J 

Iaj> I # *X«J J «A^j L b ^ b$ j)«i 

J^ *A&lj^ (^ 3 J f^jb -2 -5 6 ^!^ cS 3 j j ^jlJ 

. Ij >a^ i^r^>s j ^ «3^i I Li ^ I j I JiS^* ^ ig*! jl ^ y 3* O^b ^ 

< 0 ^$**jOU j ^jA) Ij j b ^»<**^ Ai J«i j 

-ot ji Jff^ I 4,$^ I b ^ oX^S^" 

L—+*<i I ifc^,*4*j»A.' s uT W>Ji.««?Bi * jS kajl'Ou ( J?*^ ^tr*wAjl J ^ (_C i Aw 9 l j 

j ^.S" <■ ^.ajji ^^*‘ MI ^ Ol _) i-**««sJ I Ai ^ ijtJ i (£ {j. } t*» Ij 

J C^£2*l ^Mljii ( »Aj tiinAdS \^&wiA^ 0 ^"®J ^3-^ _) ^ «■***• »A<* ^ 

l>- i\a*& <kX^A~i 0' J < aS~ 

^1 <A.S^ j Aaji j! j3>J1a«mii«4 J &S iil^.9l iiflJ I _5 

j^v“_ 51 ^** a 1 <j**^i j I3si! ^>zXi f~ ^*p $p a 3 .^! T j ^ 5 "A—j j 

a xAj«Xj j}^ <**&£+$ ^•t’ u, _3J l^.J ^_)l^.wji^c^j jA> _s I j^ 

0 - 3 ^ -ra 

#-Ai JM ^.' I oTj. j i Qj* j***-* UjU-® 

(u 6 ^->vvv/urf-\ Jj^oTji ^kjo^ji s^ 

j! ^Aj^l (Jy lifci ^Fivi«A) 1 ^ ^n^.M ^S" UpA«** ! 

^*aJ J l** /\4 »A 7 ^. J la.J ji fS »*—«* s *’I 0 >i^*J «Ai lAjj ^daiAftib 

^OVLl4.j b AAiij jI^,Aj! 3 ! CiLa. jUj jA> I***,® hkj±j\ 

Xa, 44 j) <AX#»*MI I ^ J mb L«fA9rrO b**!^ <^i ^5^ Li faA<*.i>® 0 ^ J J 


1 . Paul Stiickel, Wolfgang und Johann Bolyai f Geometrische Untersuchungen, Vol. i } p, 
86 ^Leipzig and Berlin, 1913 ). 
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i^^3‘^ x '*3 f 3*.* Aa it«^.i lA-s ji d j4j^ A^sta jl^«il A.J ija^o jA 3 f^3$ 

f , ^ i-lg-a i ji ,^9 fa* Ut {£>i &•*■! j 2 ( Aa I gAAj \^J&*»S ji (_£l&A£-|^ O b* J ^ A^" »A»- 4^1 -)«lj 

A*«A£& jl 32^ 4j? i A*a Ailfe A— 43 * W ^ *!^Ia.*.£^S 4>3 A—^ -V.^ I J 3T ^.&lj 3 

A^A^AsaS" J) jpi 3! , CU-w I ?*~3^ 3A A 3 b ^ft*.*.«3 aS”" IJ ^whAaIj! 

<53Af Ij b .3 ©jLsI I aa a 5 ~ ^IaaJU-0 3 Ua*U ,-U«U ^.aaA&NVs lj A.sAa» 

A*uA,£& uAs>> 1*3 A— 5 ”” A*&A^« 4J l**0 3 A*i 5 ^^.« j^jk 7\3^J! ^C-3^ ^ J ' 3 ^ ^3** J3^ J"^ 

^ 3.^vV ^Jk,^3 j lid ^A>» 3^ A^,A A^k A 1 Aj L-y**d 3 ki 

jlA^b'l b aS" !j O3 4C/b aSj jU.*> A$^ <0*3^ a£ jk*A ^--kij 

[* 9 S £j^3-« A^ A aX« $^^.0 ^.&JAJ3A j j? 4J3I A&A U ^*s». ( iAA 3 b ^jUpJuT 

Ai A3A 6 1 J J*a 3A aS^^AA !^3^0 C 2 * 4 mjjm Aa ki ( Aj l a.A ^baIaJ ! '*^sk^ 1 - jJ ^3 

I^aIzaA Aa 3 ^(3^3^ ^_CjAi*A*ij 3^9 (3 l*j Aa ^3j*m A^ ^ 3 < Oj* 1*3^ A»fc A jA otA^-w^b 4,3323 

A$^ (^jlA«ob 31 ^*^.A „ (JA^* 5 A A3* 0 (_? ^^** 1 0^3^"3 3 Aa 3 ^ \J*? k«^x^ 

iAU**f A £3 3 a (3"3^JJ3^ o b Aa jA ^ AY^P 37*^3^ a/ ^ Y 0 X* *JkT ^ y J*^ C^J 

j»3^,i^@AA 3® ^ 3 3 ( A3J J-j li" ^■>T^Ij.a aS"^* 2 .<>,a! 3 1 j! t£^3^ 

A^,>.^a a 1 0 A3A Aa 13 ^^ 3 ^’^ 4 A3’ 4a) Aa ^ 3 4f A 3 ^^ , ‘^*^ A^. 5 "* ^3^ 3 ^ ^ 2 * 3 

(JIa.S^ Ia !3 tjTA „a ^aJLs Ay?^.^. 3 32^^ Y°j A jQ"** A^«l_:» *^j^-^-'S J*Zmi ^ja! 

ji aS^ pA3A Art» 9 3^*3*° A/*^\a ^3^ U3-^ b aS"* ^|-jjJ ( ^aI Aa ^a^aA f o^«*w-c 

i£ 3 J 1 Aa 3b3^^-« J^l °jbj^ ^ J4 aS^^aI^S^ iAAAj^S"! 

j ^>aaaJ ^A^iiW ! I 

^jj 22 b A^^ji 3s** CA>d^ ^fA 1 3A^y.A ^ A t A 3 ^ 3£?I" A A ! d A j 5 " b>u Af 3 ^ <^J 3 -«j^» 

CA< 1 x ^9 A j ji I j A** A^f 4_jT oLa I 13A Ia >3 JVa I aT ji 

Lm ^ kjl2^0 Ul 0 Li Ij 13 1 

is ^ J O ^’ ,l ^ 1 |^ 4 Ji£* >Aa« i—lr 44 ii 

i iAhU.' jl JJ <£ 3 ^ *■!?*? oUil 

t5^i 

j !*« (3*® j”® *^»A***i AX^IAa 4J 3 >3, '' <Ak *® 3 i j A ^aA^ 13 ^^■**' AJ l*u^* j^jA i A$* rtf.oJ” ^3'^ 33* r< ^" 1 ♦ AiiS^^3^ 

^SCs ^&3A &3** jjji 4 j 1—5 j A a jIAaI Aa ^r uA t jU.f j jBfaA^jAAi jT a 3 b j A 


)\ (*bj a>j ij?i- ^i-o <^»br” ji 13 iijb* JjjJ ji ! j . \ 

.Aii#ijjT i jS" (\a^^ c 'ii.j j-j V) Vs ^3>aAs\ 

,^i\ s^Vd^.& 3 ^JSsJ 1 4 4 >Lj 3 J i C^i 3 ^ » Y 



Ami 4 I ji t |*l A*&* L*M$ J**3.*^ tjT 6 J U J J2 *'^*'J“ J& i Am lj 0 

(^ ^AS-AaIs i ^ ^..OhAAA Ij A^ ~> {3’^''*"^ 1 ^ A<ivA*& Aj AfeJ 1$ J i 3 J I Ca**»i 

^■2 ^.ZmSs ^.-siS^j Ja «m) h oT^j W^*-w 1 ^fc'Ll Ojl3 (3^;® 

f Ji4</L 0 zXaIv iJ )\ .Ail jZi A$ A* l ■) ajL*w« i ij j& oT j* 

^ ^A«I>^a1s I ^,W»Aa^ *st ^y*M J^i ^ 1 »A<£4) I 

^ (^ ^ J ^ |^j l J (^T *T 

1*1 j 1 (£ L*l j*-A j ffr** 4 * 1 ' J *AAa*j^^$ LowliJ^ta A***A*jfc 

jl J e l *a >M *iA/tfi.+y 1^ ^*p£^ !*(2p} T ^ tA ^5 «A>^ I _3 

jLxi.1 jji Sji*Ajj «A.a l^.^jt^> A*$ O^ ^} tli>*j*Al jib 

*Ai I J$.k*J j£ ! j9 »A>, J | d^nL^C^© Aj^XJ J ^3 J Al JfA i -0 l f A) 

^^^wtA^lj 11^ A*m*A*& 1 jA> IS" j Lw ta (J£-AI«*jAJ' L—£***5^ (^1^3 (3*^ ^ wl**9 

A.4^ *A«s& ^j.3 ^ J ^^ *A,S^ k****4JJ I I t»«^A4P I t*& 1»^7^ J M- A 43 ^1 3 .3 ^ ■A^ 1 d*A^ 1^ 

(S^j* U!) ^j4.*>* i^2*» s 3*‘5 S *' ^ AfjUSb A^aai I ^ ^ l«|Ad J A Aj U AiM li l J 

«**A^w O H A ^ A^"[4! ^ «Atw 1 «j ^ 1 ^< 4 »* Ia I4 

i aS* £jx$,jji*A.} ^ ^ ^j*^£^^**^ yp'&S' Ia^l.9 jj+<s<<A ! j 

j >A A a!^ j lj <A*abAA& I * J ^ V^.V^fcA iAj Ia.^ Ip<o Ij 

^'‘'^ J i^i ^ J ^ jA I 4 aS** ^jS Ij <■»•*£ ^ 1 (J I A^** A^4« j$* I AJtb 

# «A^r {j*** oi 0 O^ ^l^j OA^i44. ^315 p'ijj^'^ji ^>lAj OJ,ci. ^U^T j 

oT j> ^r ^ A« 3 ^ A^3 (^4^! j ^iwAaIs i AiwA^fe 4^S" j*la^j^jjjT 

• a J '"^ J ■ >\ O jj* 

IJ ‘^^■2 >^jl*^ iS J3 J ^ Kjy^ J CU*»i 4,)i*«j <&$" ^jaS" jfa aS ^fAt> y <1)T j J ® 

j&s ^j^>y*,a.». <^J JvXj U J {>■ j& jS Ij OT 4.SCU (-X^.h J^i i ji A^S 

j-i I ^jl^i »£*>.£■ fj9! j.J J >A*«^J Ajs lii p-^/vlsi A: _) g.;sifc4j aS j • jJ^ 

4 (( j*j Ixxi Ij ^ j,sL Oll s 4?SJ j*> ^ jS I-Uj jft j I ^ O j.«S 1 Ayzl T jl ja«m*a3 * y 6«Aaj T 

^iS j^*s5 aSxJu 1 ^* 3 *. j.* jl>.Uj 3"J^ ^bijjXaLLu. 

^^ 2 ^ ^* 2 ^ 1 3 ^° a!^" o ^t^^rw hA*^u j! jl -2 ^,i ^\SC^-'C ^y**® 

As ! j, 5 J ^ J J J,3^j Ij ^j.»» (._& S JijJjj*eJ Lj 0^*- & ^—2 f J.J jj«^ ^S'jJ I 

^ J- ^A-J Lfl! fCxM I ljj O^Ji cjUJ ^ J ^y | Afrt& } bA^^iP^ 1-44T 

33 J O^”j»‘■^^"■^ l 5^_) < -^*'®> jl Ij I O^"*w2 J5^j,sv. {^ y*^. 1.m j<i {^3 

jfj oJk 2 ^«j A>c 2 ^; ^j! As C»2^A,A-M.i9 _j £ *t s i^->a7 jJllJ U jUIJL a 3 Ijj 

•^.-cl.i! y*^3j$ A^>As 3 ^s i*t»S" j Ij # ^ _3’ v ^ O ^ ^ J 'p jA i j ^,?cij 



oT jl ij“3& AstlT (Jl ^•a®* ! # hA)*A^4r^^0 ^^ili,^ 

^jbwS*jl <j£j •& C^f oi£.kS J^k<A,i p.ft> Ij £ji ^ J.i jSvi diijfrj. U«UjJ (jUb 
Ijs^ kS3 O Ij I c*»^ l?c^i^A4rtiAjlii j i5^>* (^IajI^ <s& 

i3?^*^3 'k«+*j£'i ^£2 *)c2mJL 9* *hi *X+,**m !^ ^ ^)^j^4m 3 ^ 3 * J»I *^'^3'* 0U 

jl *j£\y> bjji** jf ) j bj» AZ9J Vb 0 * 3 ^ jfii* <Sj 4M j! % tA<A&mX3 vVr 1 ■'■‘‘■^ j) A.S^ 
aJL*..o 6jb_p ^ > V/ N Y N 0 tV ^ ^c5 1 ^b 

Aj jJt ^jsk| j^» • «A.j s^J&<JZ*.u/\ sAAZ A'ZJt^s ^s»-Lo j^ZL a,j 

( Cu*‘Uii oJw^bs *X£* (.S" lS 3 J O 3 ^ k oT j I a5 (j* I g ^ 3 s * (_C Ifc j bAj 1 

« . Aj j ^ j O b* j I ^ 3 J.i. b AS”^.&>I j^^-o bo I . I (jTajbj^ _^.5 j I jbjl^ b A^,j 

f&Jjl &■* ^Js l-a Jvji^j Aj jlzi 0 j l—.' J ^ (j£ j*£lX?s:a 3 1 L$ b \& b" Ob-o J-i J- 1 

^v" 3^3 ^‘--^^I 3 » A*$ j«pj I 4 *^3"** Aj b y A^AXfo ^^ I ^s 

*Aa 5 1-4 fj*.& 0 *3^ *“‘3“‘<j?* i d *b \j.^.j t b^jii p- jJ?j^ ci"^l ji A^ lU*«! <Sj?^- 

a\aa'} dlj ji 4,ru>ij;}^ ij (J.^1 ^bb f^5v UJ LJ 

y s zS (jlj,r^-o Jj-*- 4 k>- b (^j!Jfis^ dlj jf 

(jv? I j^ ^y**^.Ai As f^*Ju ytw L.J _31 ‘A^sJ I c5jL a J 

jl ^ d -^jT ^J-as JjI ol?ci^9 A—|T^jU»U,o c^l^jkj ^•upj C^<M I ^AA<M 

* ^ 3 * ^ Ci3 ^ l^pAAa 1 O^ ij 3 ^ 3 **“ C*^ AyfcwJ *Ai ! ^ 

yy^oUy lJjj*.* ji ^ 1^3 urt \ fl\i\° &*& Vb)*^ iyJ 

w^.9bj^ jj 

»r° 

As j l>c^o ^jl JkS «X)I (J*J^ (3^ AAA ^J- 5 \J°3^ -^r^Uj 

ji ^ (ua?-\vvaA tr6-s crjy^y^) r ^y^ ^u^ijj r u 
b^J j-* bJ tc< !-*'<“> I b>^.fiJ , al^*b>ji^ <jT ( C ^pz*a*s f ^ \ V b 

^jl^j4-«U b bbj'jf As sbb^Jta iJy jf ^s ^ 33-fics As l-g-Jjl^-c As 

A& 0^3 C-*»l Al3uJ.S ^bJj.3 <AJ j2> \J“3^ ,^3^1^ A^l^l 


2. Wolfgang Bolyai ^Bolyai Forkasj 


• V t 0 •{j# j (jisj! <— . ^ 

3. Johann Bolyai ? Appendix 

« 1 ^ •o*’ 'Ob-o-S^ j JSoi . f 



\A & ¥ p , £ 3 ** 3 * d^ CjLjI iS^ji *4 3^ j* 6 Uj oT p 
4JLj _p ij ^ 3 ^ C***l 4X$b £+*°Z jlS"£ j! 4.3 4 ^j.f o^ J>£[aZ* 4 ^ Uj.3 

JVjcJ Ul t >k~j o-jlf c$! y. 4 3 N W3V r U 

elj ^j.».43 y fU ^jLJ 3-3 .C*^U 6 Ut«a jbU. 'j ^ a ‘*‘ V^3^ P a"i^ j ^3- £+^jbl) 

^jif ^ ^USU aJ U^ 4*3 (JU 4 -*'*‘ ^ ^ J-t JV4X*<,I 4voi^l 43 oi j (jUfc jlj -Uj 

«J^k*-« lj 2 j£. 3 4Jt 4^-j4 414;* !j ^jlj^ lTJ^ ^ C$J 

oUJjuJL 44*:.* < 3 j':>W *j*j 4 (5j 4*3 4&4 3^> p 6 ^ *3*3 4 P^j^P 

* 3 ^ c£l4X^f44b OSjf^+s? <4 t)Ul&** 3 £j&t* foU 5 i c « 3 * -uUIjU (j*l& 

u aUjij4 ^YT-NAY'Y J - 5 b UjT^UjI^ j U4JU ot^bj Sj4p 

J 4 l 4 *X.«i 4 (^jbJ 33 <4i IXAJJ , pg^U^* j lyaXs*.I 43 1J (jT U 4i* C-s*U 

,ijjOUj3 j4j (S3 4 $3> fc^**sS J £jl 4jb^J Jpj3^3 0 ^$~£ 43 jl <£bol Ul 433 (Jj^ 

3*334 (ji 0 U 3 J ^A°Y jr*b«4 \bf\ Y A % P^ Yf P ^ U-3 

!; U^» • c^3 jl 3-3 if* <k _3 ^ a°T J 3 ^ tOij . 43 -lf oU^43 (|A? 0 -IA°Y 

<jl*JL>- 3 eL*« <S 3 jt I 3 3 * 3 <4 3 ^ (^ K ^3 4 <bjj 3 C***j4Aj u4«i ( 5 1 4^:3 3 ! aTjCS 

^jAiL* jUkxll 43 4f ji 4 3U tjlp 3 «,4~,*4.4.p^-« j & l3^ 453^ 4£)\ j3j 9 J (3'^" 

4' 

33 ci *X3i (S^_j"^ 0 U 3 J »Aj.^ l?ci I 

(^3 4 J.«(J ^*.3 jk.X3 jp 3 “^, 31 43 Ij (Jl^bj ^jUjvA^ oUi*J (J^ 

^AW J * 5 cSJ ^“3 4„S" C***J 4jU 3 .a^t_3 4 X^m3 jU-e ^^ki* 43 

(J^y? I OUI 4jt*w^ 4«„3 I J J b-cw3 4^1*343 i 441 q13 J “* Ob^*^ ^ U 4«j4^ (^3 ?b^»3U 

c ^33 43®“* 3^ »■* b (S 3$ 4 b 43 4 i ( 3^ 4 j^oT (JU >iU ^ 3^3-* 

.4 3 ^ Al3,\4 j\4 6 b 4 j 4 4 l!4**I l£j*-?? ^j»*»j4?. bx>< i 4 4 ( 3 ”* 3 J -5 1 
(3^^9 O^U jlj9 4 Ij ^ 3 ^ 3 ^ jJ.^1 4_S # (j I ji 3 I c£ Lgr-«*"j 3 “^ ^ A Y 0 P Ul 
u! 4 m&U 4 ^ ^31X3 Ul f4*« tdi.j4J^3 4?C*<.J ^ - )4jj**«?fc3 4 j j -4^4 >x4 C>3b3l o I 43 -^>l3 


3J ^V&^3 5 ^ ^JUJ^ dl^*J •■ s 3””i t)P*^ A “ , J *?US**(J^I . \ 

Stackel, Wolfgang und Johann Bolyai & ^y> t p ji a!^ 

• . 0 * ‘(“J - 5 ^-U* Vi^S <j\.^ «JSU:^£i .Y 

: C-»*l (j^l oI , v 

Tentamen juventutem studiosam in elementa matheseos purae, elementaris ac sublimioris, methodo 
intuitiva, evidentiaque huic propria t introducendi. Cum appendice triplice. —y Stackel. loc. 

cit, Vol II, p. 2 £. 
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Ju $jS < tilj O^T-g! A*» jX.* ^JjXtj j! c*3i »j^P 

oT j i ^ ^-“*^5^*^ a*»a*a> &S 

&S ^J}j3*& Aj I j { j^ ji O^" ( A^J^* ^j- 43 O b 1 t£' j$ (J"^ 4 

OW ^X*. J*?l ^jil fC-9jf*ji ^jlai^jT ^a*-* ja®^ fJ^J"* lM i)\y*£- b j-^zi 
(^■■“J [yn** ^ 2S *“ i ^ ji*{$* ^ 2s *“ i ^ 2 *® 3 ft Al 0-*'* t -b J^ *** " i 3' iA> \j /i 

A.J (3 $_jXi ka.=L ^i.li> b Aiz4J dij jl A_jT J.xS"^-e ^J^ J’'® cj^ L?"^ LS^ 

ji Ui U1 4 3 t zS <jl b cSj! j* oy^. kxsL A ■j**^ 4 i ^J* f^**J ty* f 3j* A 

ji jl (Jjl i j k»* ^xi^jjyj ^aUx»*U k ^ J; b YA i YV c£ 

(_£j! j* k:*. ji Alai.* db j I <J>I_jXj <s iS***jft »jtA*i jbSbjb I j ^ Ij C-jbejl 

Ol jXj f^ aj £ ^_c jI j^-% k^» bx«sI j ^jjib*j Ajb al5sJ 1 3 

^k.5 lj AB JvilAX^j.f 3 ' P ji aS" (y o (J-K-^'j CD 3 AB k>. ji I ^K 



EPC jkj aj (J^iUx-s <5 Uajj! j ji j jJ jiib p j> aT l$ki Aaj& ^ ^£->- ^j! »uxSb 

_^ji j ji ,i_jj ^1 ^.?lj DPF 3 

j ^..jiST p. 3 »a^ l_> 6 a,T ij^9 A P ji aS^ PQ ijo-iS- j I dl^** aS*" i D*i/j^rt*4il j_j^ 

A*ii! AB ^-U U* la^. ^. £ *i oi JJ-^ i-ij.^ Ji j! ji P Jj»- ij uT 

1 J iasi. ji i.J.J*. J jl=> ! A^J (J> J . Aj J lj oT il )3j^ ^33 j! (S*.} J Jkiki^.0 

ji 3 »Xj[^ ,, a 'J PQ ^A 9 J^ J<^ J *^— P ji A^.S" ilij^ J* J - ® 
4 »A)jl*u^^o t«A^ JkXii ^ula.5 i j AB a5"^j T j! <X+<S ^LsI jjj AB ^ A5" Ij 

ji ijldi ^3^3 ^i>l5 J 2 *' (ji^T (kJjh Ji jl lii-J j& ji ^PQ OOji (S^ji A$" 1?=j I jl 
-k^*p y> # »Aa^S b ^L» ts l j 

•AJjb ^^l^.k>.b Ojlix^ AB t£j!j-* J^ a5^ J.&I j,». oili 



i. Absolute Science of Space 



^k# i j AB j (j- 9 P j\ 

*r^jUs4»A,j 

C* 5 *-&1 ^.r p.r <£33 “*"“ ji Oj-.^.j'^ j C*sta k^i <*.*»>«U& jjji 

>1 (5j ji *•>* jl I ^&lk A5 wT S i^dx ! mb^iS 4fcu)^ j* ^ jj*^ ij c?j&" 

<UI A£.£t Jj ^5k**.j £3** 3* u^' *$ Ulk^ aS"'J,^ j.i ^jUo j\yt c^ 3 >\lf 

4 3 i £ ,^3 ^X«ma>o 1&^,4*«AXA ^<a.& ("^"^<^3 C? _) I 3*"^ k^-ksk’. J<^ j® _?^_) ^ _jki 

Ij ^jik-o ^ a* .A. Aits ^U *4_$"” CiU**»J^5Cj Lya.9 ^^ik-o (Jjji ' 3 f^" 4 ’ 5 '’?' ^ l&sj! ^ J ^ iS 3 


^ kA) nil 


l&A^tjAa! ^jI a!T (JL«* iLj j t^-AV-O J ! ^*.*A»*J kj J^i *J 1 **M ! ^l.VM-'C A?e 4 I 

^ ijp 1 b jP 6 *. 4 ma , Aj (J 3 '^^'» ^iK.«J I (*\b £y _j) j**) ^ Y Y* 

*S\jiaa^-o u^> ■>_** a:-* y (Aj-Xj aj ^AYT jr*l> f/^ Y°t O^T ^ ji ji j ^T^-* 
A:j j^Tj! y l&ii ^jtj ^jj ULa£. ajl«Ui 4 s*. tfj * 39 j - 5 ^ -*»■ A^ U c£j 

^.sti^LfO ^ 1^ L- il^t^ A^ 4*}^ A| W*^ 44 f I ^4 ^ ^‘ p,^,4A ■^^ U )) 

1 ^AaJ jg j^l aS^* j d 1^1 ij^Jji fjijhi J* U 

o^jLJ^>k A^,S^ |fcl 43 ^^* ^ ^iA^^tjsj O^ Ai 

Aaaaa^ I j ^ j'fr^ ji ^ l^.iX I io^-^j \ 3 

-wkSs^y )\ AS" CaA? pZ f ^j! (Jl^jJ> A.^l^i, A^ 

cffJ^j(jj_j ^ aS^CAa*I ^5!A^ jji i(_$Ij A?yiT \ 

i A«^S^ I ^ 0 ^ i A^i I (J ^ 4 >tfe A^>j ^ j £*A<» 4 #Li dA#vw 

((^ 1 *^.$ 1 ^ (3 3 ^ptS^ ^j'* , ®^ / A^, Aj^j^T Afel j, 5 >- ^ 

^5 ^ > ‘* |J ,, "^«<A«^ J ^ ^ i ^. 5 ^- ^ 5 ^ , 3 ) 

^£»Ai*»5Cj l^A»M*jAi) 1 <l^rM4| ^ 7^,J i^J A^2/ % ^ J 3 ^ ij I I 

jlfjl ^Jp J (J*J Aj> JAp Ai jU^J \ Y °f u^ U^ ^ 

^il 4 > ^-**3 3 A Ij ^ ^Is.^ A^e^vi A Y ° A ^ 1^:41 Ij A^sL 


A & ^ ^Xj»- k^\ ^ ^ 



• ij jI£ajI ^ y ^ o jA Ai*.jiil A ^laj t-i^A&»! oi^o cS^J"^ A ' C j**i3 J*^v aS*c*»*5Ij 

a?1 j^j,k4.j 6j 1 :ja j^jiiTjlsJ jl a$" aa<£Ia t3W^*1 ^ u5C„j i&Jj 

^ji^Ai ^\ ui I# siU*. jj\ {£\ji ij ji t$u*ou ^Ar^/^r^ ° j 3 * 

jA *S ^jl j>*» ,A^ C-ii~>SjA Ij l)T C»*£ 3 J A ?e.*J ^ Y ^ ° 6^* -P <■£-* * A 5-“ J 

,A_^J O^J>J ^Ixlf SjIjjA (J-rP {j**^ .*.4) U^#*.4*V^^ cJ^-j l5CpiJ 5 Aj a I 

j^.xS A*>c*.j Ij t^jlxS* ^jI CjI j»- & piS jam ujl^£ ^jj| Ij \» 

pA_^;>- jl AaTgoJ ^Sv^. j A twjliS" ^j-jl jl •“ f J^ ^- ) i j J ( i _5 -a " } (£ J^~i ^ J ^ !•*! * A*« Aj,& I j®* 

uA-mAj dS E-slXj J « A^ST^Ia 1*.<X «*.$” ^&lj J i—jlxS” ^1 J.Z?SJ) Af \j*j *^3% 

\j* J i,& ArttO (A^ I i | ^ 3^~ (._£ L& jaAj I £ Up**-** 1 ^jjT 

aAl*Jljjj_^® £j! j! ,Aj|aX.wIa (J_j.iXivo ^ 5 “ ^ djsj 

jjj I 4 AX9 ij jl.*ttXji O^ jl {^2**^ (^^*’"^* J I Aji-e A$" j^ a J ^j A ,’j^ A^s 

0 ®U jA < 5 !^J Cjj^i j m^jAt B Aj l_j j j j A ^^’Aj jj 1^ I aS** 3jJ 

jA ^jtjT Ij A?ejT jl A^S* j*>laAjj>»^J t_*?-3j1—J J sa9 J A>jIa,j 

^<23c^ AjI j I (jA*<a=^)p9 ,AjA ij j^#.»wi! jS* 

jA CAj I Aj^i.s ^jjl j =3 j lAAulj AXAu IA lIA-mi I j lj«J A j j|-4 A^cj I t^l^J (% <>^ A ji3jA 

Ij l&A,,*t«jAjl j»l?cjl^*« A$^ ■**_J‘J 3 "^ U ” 8 Aa«aj (£^*a jl 0 Aj>—J^»« j* 1 ^-) 1 jl 

,Ajj^j <jU o jl 6 - 1 * A^" aIa-9 ( |* J i*« jA 

*T ojlJlil jl k^sJ J j“laA*« uilj*.^ tr'AS ^ ^.a?SAa/$ J 

A j> I.A^ ^JU A/ cJIjjA J^jA^ jl Ij Aj® ij ^jI w-s^Sjj aS" 0 X9j 

4.J ( I J!) ^ i L.I 3 ^o ^ [3^ Lj) , 

/j<s*.& ^^5*Ei«/ A$" A^j.J I -^is {j I 


s J -H J^T J**^ <a!jAa . \ 

Appendix . ■ Scientiam Spatii absolute veram exibens: a veritate aut falsitate Axiomatis XI 
Eudidei (<2 priori baud uniquena decidendaj independentem; adjecta ad casum Jalsitatis } 

if(£\ sJSLxAl j-j ^_jUiT <— quadratura circuli geometrica 

s^jiljSvj 4 ^i'p' 5 ^ <—AL^?- G. B Hslstsd j S j ^ ) A t* ■ {j*? 

ciijj^j^j) .j-5 d Source Book in Mathematics :David Eugene Smith L> {(^ 

.(MY A 

. \ \ . (J^ 4 j».SsJ Ala- i, I . Y 
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A 3 ** aIT^jI jl AjLS aS"* **■«* Jl^As J 3 ^ 3 * • 3 * 3 ^ f^ 4, 

o^U-«! 1 j l^iT ji j ^afou ja 4 U jl ^Ua^jojI ji ^3* 

^L*.*.! J* JI& J* l-«' C*ij Ob-« j t -\* C\S £jl fUell^-w ,CA«! e^S^ (jtf’l^a'^i 
.A-Sb <>AlA j! Aj 0 A 3 J <£j J 3 ^ jA aT !j ^jUeXsI 

t CA^Ui cS>>- ob A*1 aI ^* 33 $ Aj A_f £j| l—J 0^3* 

(^IaAmjAjI ia «*.3 As (£3 aS^AJaIa^.® <jb**b >AjA^ Ia^jI ^l&Ae-lS" cjL-t aS^jI^XmI AAta 
Lj ^mAJJHIj AmA^UEs (JAg^A**. Js.1 jA j.Ai J A^ii1A A 9*^Kc- (3>Aa3Am C^l-v ^- 2 jA ^ 3 ^ 
fJ £\3'^ ! ’3 ' 9 J***! A$T A 3 J aAg,A*?eJ ji AJ !j A-t*.Jta.® ♦ 0^33 iS3j^' 

t A * 4 , ^L-ai jA J jj A_$* CA9 U) J aIa££-I alSC^fc l^i oUi S 

^Am^j Jvj A>. Asm *^*P (5jlf jLU A: 

b Jbb ^AJtSlU JLai* w»^ jU^il jA aX A «5 ®lfT ^jIJ 3J \AFA/\YYV 
I J I 4 . 1 T 3 Am a l_!T! ^5 Im.x/*.IJ j! Jl** O^ p *^ 3 ”“ ‘-^{3 3 " (* A 3 ^-P 

J Am jJjjTfU (jjp ^*«^Aj p *3 jl«b *3 jl J^ l **A; l® J A)!Axaa^ 

<*_*>! A^j jfp A$" ^V**& pn \i ejbjA AjIsIapw^ jl^ Aj A 3 j^‘ J^i ^ jb jl 

As 3^* j? I £i! Ul # A 31 AXPtjj jUlAli A—j lj (jl 3 < A 3 l_J 3! <S)ji 

# O b Ij 


UJ , ^ ^ 

) ^ Yf^-N WY) (3^-^y ^3^3^ \Af A ^ <3-^3^ ^a* 

3 ®a £ ±hZS ^ AY^/^ Y \ A J" 5 I j a*« A;* ^53 aaaIa! v **A. (^ A^f-\ 

AA*«A^A ^^jlAAijjS l »®1 ^1 Jl** Am Ij 3A ^3"*;! ^*^ 3 * A^.3*.I** ij (jT 

_i"-"1 A«>.#^jAj cj^ 3^ bJ I 3I l4’^' t *'^ , aS^(»m**I 

3I . AA 9 j—J) i jlS"" ei^,*<JlA ji \ WX* j \ N ^Y ^ J ^3^ ^^3^'* t, A»>UJ 

j A ^ 1 **-» 9 l.i s.U^j! (^ A I*** I j*Ij1-® As A as 3 Am AamIaS^ j^| 3 l^»M>i 1 A Ia.& jA ^ A>^** b 
A^A3J j! (^3 3 ^3* ^ ^ Jl^" jb 01 ^ 3 - b ^js^ 3 ^ B ' < *"^ a j 3 ^ 


» ^ Y ^ ** >A-l^- '»^*\ ^ ^ ^ 

2. Raumlehre 


IzZjj 3 V. I. Lobatsckefski ja j! !j ji jlS^ j ^Ss^i^UJ SaJjA Aj I 3 i . f 

»C«" Ij ^ ^ A *\ A ^ *"**?) (J.Snj i 

4. Johann M. C. Bartels 



A J ^ j.) j l: j a£" b , $ 3 J AX3l Ay**# \ j ^jb ^3** 

j***^'^j of 3^ aj ^ A® V/ ^ ^ aS , ^,»n33 4 ^?»^ 3 :? 

^£**4*.UjUaLl jAj b I j (^jfj,^ Jsj. 12 ^. ojbj-i j-jlTA;ii^bj <£Ua3o JjI j| 

^xj fj* jl^^jjlj O^jA A^j^jib^O C1 a4a4s» j ,} ,A <SU AX^Ilf 

^3*^^ ^ ^ ^ ^ ^ I j 1*0 I irtfj (^C 4 i 5 * ^>^V»aS^ 1 # fU^A** i 

4 AjiO 3 J ji 

NA\ 6 /N J - 5 W ^JJ cS-^ 3 ^ oljl^ a-j ^ jl oi a ^ j- & ^ . 

^ 40 P c£ 4 *NriV ^1 I Apsj *<*0 *AaS^ bo ! 1 ^ <>l 

•}&a9 {jjjj ^>»-^ O b*tO 0*A) ta ^9 lj O i ^ I (j t M/ 3^3 tJb* O^* J® 1 fj** ^ ^\*A j! 

ji iS 3 a5" ^3\ \ At Y/ ^ Y ° Y ^4$ , 0 -“! a*i 3 } j-UJi»1 Aijlzl ^a^4?eJ 

^jlft>AO.i.A>l Aj ^->LJ 3 J 4 jl/fcj.j A^ ^j.J ^4jlj {jT jl MSbp 3 »- 43 ,5b j»*Ai ~ l 3&* 

6 "^^^ A<4#iA, 8,& J a5 ^^-^>8 \ *5 ^^5 bS^ A^ti***^ U \ Y ^ Y -t^ 

(\S3 O^ j3 ,tl^**f A^<i£.iL Apb^«j jI aX-a)I <slx (3 ! bI 

3 ijUi ^ 3^3 ^.?e;j ^ 3 ^ 3 -c J^?l SjUjJi ^xk» uU^i gAA A«f C»>.<J aA^r OjkIsL 
Aj ^l^c^xiJ^iS ^^ 4 ^ 4 ^ jJ>J SaJ -3j ^.ralsi aS^ 
alj ^*« ji aS'^j 1^3^v«;! aS^Aa^j -iJj<5 ■^ 3 * ^3j^ *>£3 ^ C^-mI I ,^4<Ji». 

Aa«p3 AfWA^jb ^8,9 A^ii I &XJ# CjUJI 

^ ^ 6 *AaS I i*s l 

A?” ,^ 3 —i l^Jj!3>9 ejbj^ ^ 3 =^ Jj»U» AijU.} ^J.xi ISvJ jkl) (j£*A*4 (J i^*i A«> 

k^j (O ^ j iS^ ^ I a 3 3 i ~^ , “ i4^t j a f_^ ’! aJ b^c \ /s^ ^ j \ Y 3 i i c_9 

3 ^ j3**£i a!^4J j! U T A^ 3^5^ j& t j A^J-Aife 0^” 3 “'_J^ 

J ^ 1st As 3 ^ j ^ 30 . 3=4 3 tJ ■ 3 ^ -9 k>« O'! j f 34 Ai 

* k«« 8 *ai/ ! a fcA-a 1 a3 *i-t^' v ‘ A,) A 43 ^" j ^ ^ A^c»w^ 3 I 43 ^ A^b^ciAi 

■ij,-t^XX^i iy^\)VS Am>AX& (J 3 ^>l ojUj^ \ AY -0 "^ AY^\ Lei 

Obj 1^3(3^ a jbj«S I j 8533 k 3 “*3—*^ ajlrfi! aJAu^ij 43^^ jl?c*« Ai oT aS*” 

U^i J ia s- J cjI».A^ A„S^ £31 UIU A*kJA& b jA {£j* * aS" b^U ^j! 

{ - 7 >s ^^‘i ^ 1 J 3**^ ■) ^ ^J '•** J ^ *^ 3 « £t ‘^ 1 *** vV , s j' M 33 ^ 03 ^- 3 ^X ‘^^■ 3 ^ k_-kli^- 3 -^ 03 ^, 

bS” AJ I 44 ( ^(3 A \ tAxJ «5 iflXi> t 33 k [J£\qaJaJ£ f^J 1 * jjl Ai 1 a^ 

0^^- 3 **^3'“ <jbb £ ^bj w«0 A—Ajs^i 3 J 1 Aj c^j! 3 .® c,Vbk^ 



yC^V^UJO-j* OI jXc b JuSb e.ijJ 3^ ^blT la Aj>j*v.1 ^j! “Vl b« 

-(j-^* ^ ^ b 5 j.) 3 *A^« ,^iujT <jbj *$ *S ''v s £ J )\y^* v^v^^s.^. *)b ^ 

(t.^ d*A ^ jjf a5 £j>I b / _^"® J 5 c) ^* a ^bj « ~* 0 «Aj !j^.»» <k\.A4M_% 

^VS v^\o -v_i\i!,S Vi Olji* jiJ k^'-^jf.J ! J Aj»- 

JuljJ ^^!<S«A£ (_J»ijj,.4> ^JtJ bS”^ aS^ »A»vaaJ A$^ Aj b>J dAj ! # v^V^r***** a ^ 

, (J^>.44 l 6><A.Ju ^.S f _§ 

A$^ wJI^sb^-e O uij^jjj oTp 

^^joAaS bi t-,««^,j 1 ^.a 9j-tw*j j! j 1 .**»ajI jl JkAi b AjI a,k j ( 1 * 4 ;«Xa»> 

3 bl j! ^ /V'P \ / ^ Y Y ^ ^3°^' i *'J^ k£ 3 A^Aj la»3 ^ _^ s *! ^Ai Ai 6 Aj b 

jS LLjJ; A_j ^ Af p/ ^ Y16 J®y ja*^ £•»> fc£*»u. J »A£ afT Jl j!s^ 


I 4 • 

ti*J ^-T»? L5 dk,i ^^kJtsb J A,S^ J ^ 

(j?!^A4ikA,i^ (^1 Jj.<#\ c^ImiS^ £)$} # {£)3j^ (vS^y* A 

iSj[f Jl i*w ^J j£ fcA^ ! j8»«J ^ g*Q Jf bA^W i| ^j*i*,J 8 iJ& *A J t<5 fcA^il 1*3 3 ^ S 

buT U j f« «N/649 ^AA)AX a» 1 ^ AA«Aia Aj j^*yj I b ^cj j I j"^" l i> Aa« b 


( \ V^ \ J0 U^Sv c)b« jl^J cj“&v“ i^ '^LS" 0 aAj 1^ «jsj.&j^ A^JaA)) 

oT a»„j IacajI jJi j tjT j<i f b ^ j»!aa^;Iji I j /^Ij (3 2 * 1 * 1 <3 >J ® ^3 ^^ 

^^*njish. bJ 1^01 ^tAJub 4 aa!u i «i , b a5^ j»AjAj ^^<4* | < , A5^ bj j j ^ » (j® 

jjj aS" b) I jl ^a£. ^alj jl I j __«.j lla^ 

,A,«/l^i b 3 

p,A J i c\-U« iA» 1 JA°> M44 J>8 


Aj I ? & L« I j Ia.1^4,^ j 


^ 0 - - d *j> OW j»b^_^J (> - -- v 

1^^^j«j! Aj j j Ia*w «Aj b A^” | , ^A^l *w ^>» I 9 ^ao«Aa^ 

i AaS 


©l^T t^J c~>Lx.a,.*<) jl j^ h*^ts^\ Y Y V 

♦ J>i Ij J ! 3 jj ! J*U J ij^^j^s j3 (Jl^a (jT Aj J.3 I j j3 t kX±u 


Geometrical L$ ~~ la l Ai A^jj Geometrische Untersuchuncjen zur Theorie der Parallellinien . ^ 
4 ^ i (jr-^ j') Ax—JU aj Researches on the Thcoij of Parallels 

Tangeometrie ou precis de geometrie fondee sur une Theorie generale et regoureuse des . Y 
if p» ^ j .£.;«■-j,-.j Jljj_ji Ix-ij-j cparalleles A Source Book in Mathematics 

.(\U \ djjij**) 

. tY & ^sVS VS ^4^VsV )\ j . V 

.rr c-^-s *(— .? 





(jl !j «J^ 5 \ ‘ i Cjj**- V*^ (J^ ® (^waOuk 

(l£s lOj j y ^jj Jo *3 jlT A s'^J’^ j!aj JoT^-o CJ.** Jo ^jb*b j tJU-ui! Aj^lao (JM^ 

t Jo AJi iz^T L 3 &mX& b i <jt&> j.J jf aL«,3 ^-t J 

jl (_£ 1 ax£o J J X£ ^«JJ (jljA^Aifc J' Aj Is j.**«Ln 9 ^b»" <-^* 3 - A^„j I 

ife ^i\^wi\ii\.j ^20 1 jk*" aS^Aj T^-e ji AaILj jb*.*ol <j?^■* ,x "ojb 




• ^a oT jS J J K 4_A*#1 \ v jy , 3 i 

j £-3 j J .3 b AX 9 j jl>o C^U-X-e iS^-^JJ i^jf-- ^ A>* jX (jbl*t j- 1 (j^l J J ^■* ,a “ > > 

0*3 ^ AV't/ \ T \ > J* 5 A ~" v 1 ’^ <JL» *-J a 2 *3 b)U». a^xJ 

b 3 j b J, 5 b )! 13 l.^oT«A&A iJA** A 5 b1 O 1 3"^ i > _5 <> '^ aS^Aj Zb j } 1 

ObU^Uj ^j,i tx*siIA^si J'Aj 3 3^ ^Aj 3^(3'* A^ (jL^A& f o* 3 ^^* ^ 

lx.>- A "® ^ ^ t/^J 3 J^ 64 

f sbe o / j l 5 bUe&"jA A>. j J ^3 ^jjl^ j J A;*. C-AjA^. C*s&U AxJl» 

A j.a». 3-e tib A?e)T dS CA-vm^o ^X^.««b 3 ^3? AoI^-J^aO ^$o 3^ O '■&^ - A bio J A*p jL^3 
<(, 3^*.5"" Ab *«3 Aj f bAxS^^^ ^^jj-ivsT j^l^wa. 3 

dS A 3 (jl,*j^Aj (eb Xa (£\ y ^j-Stljl ( (^5"”"“ 3 - ^A,«*»jAj I ^j.>l Aj Let 

(_*?3 J ^S* Ai! j I 3 ^ cb T jl j IS^" JI ^ (3^3 ^ a!aas3 Aj <AjIa« Aj bi 

I ^,&lia A^ll i,^*aa 9 i 3 , J** 1 ^a>o-J Jfbe t AAi 3 ^ ^^3 (3^ *^3“^3 ^*“5 # C-r ^A^I j 
^ Ij [J£ l^J JJ i IaJ ^‘S’ C^**.***^ W^"*ah^ 

^ 5 Jjj 31 ? < 6 Col5of^l < f ji>i$ .f y 

i 2) 6 i — J Aa*(AaJ^ l|*-—^A.V*b d Lj l<y? J AjJi L^J 

1?bAj! j J .A jJ j J !j (3* , 3Xj jJ b 3 Oj^jI^^I 3 I3 ^l^.ell Ai 13:^*0 
A?s 2 :J A„r Ai !j AjaL C- 9 J Axj 3 ^jjT^ !j AX^ij ^jjl jJ ObT jl 

jl-u/^j* tJab-A^ C 3 *j (jl3^*JJ 3 ol^jj jfc' 

ju^jajA ob^bj j*p (\ A ’i V- W^t/^ ^9~S S V \) - r ifc ’^ 

^y>p\ CjLj i (_^l J» 3! J> ^ ^O ^ ^ jA ( UXaa^ajSA 


ilbj-jjjf) tjvS^jalij- s c J V^ba3”i. > uoVa^o £ 3 *\^3 4 J^e«A! . \ 

.(HU 4 u^ J 3^ J 

2. Bemerkungen itber Nicolaus Lobatchefskij’s Geometrische Untersuchungen 

3. Maros _ Vasachely 4. Wachter 5. Schweikart 6, Taurinus 



aZ j' jT ji A& «X 3 i \A J-> J^j! A> pSsXJ £ 3 ** 3 * 

,i!i jj jj* <J' 0 dij *X?e kip dij ji ^-313 3:^ 1-jis.s ‘X-b.ij J^^ ji *—"i 

aS""^^! 4J*’^ 4 ^ ^^>C«0 Ai AS" jJ^*S j*lgJ! i—<***^3 (ji ’ J ^ l “^ l ’ 4,4< ^< 3'“^ 5 33 v 0“^ Ae,^ J 

b ^.^eXj ^ 3 ^ 33-0 J\)\jJ^ O ^_a— ' b i>- ^ ^3 J'sF' A]s,Ai Am ji 

aJUx oT ji 3! Ml cS l 4 ^ lxxx.«<! ji ^sL^j 3! JV-xx^i -b.^. j * 

aI Ai & * JJ | t w) ii^3 {j^J^ A_j ^A \ 9 1 1 \ \ ^ & ^ x <-S l *-®b* J 

a 5"* ( ^X9 Js if (j£ 33^A^AXA >53^ jljo i ^>eXj ^ j * 3.* (_J'<^ i j'^*i ^g* 3 **- ~3* Ob** 

^.^2k,*4» (J I d«X^XS^3>_5*-X^E^O ^C-is.*M «XX»> j& ii^}^^-® ^«nA*i.Fl Ai (3- e ^'?’ 5 "*3’ >M b 6 J^ ^^ A,w ' 

a J.,jJ 1 3** }^ ^ 3 i_f. " 3* Aaj A.d\j O" ^ yCj^»siw*A 

j! , ,3 ^ 3 A*>j>j ji «b3$" 3jri « i ^"‘* , iJ (Jb* 3 ‘•^••*«jO J^aI ^~=X-i 3 

# i3*b^,.» J>,#»ls S b Aui-AZlti t. ul a 3 fc. ,^3$ J3J a-Xj La a-Xj Jjj^bi ^ ^ *A 3 * 

3^3 3 3! aS* t«j ji <j^\aii j*3 , l^J 6^3^ A^3—j Obt^ b,*»» 1 3^ jt? ^ *^3« .J^ 1 

l^.J 3^3!^ j.i -Xi^ J$ c>?Ei »XJ^ s rfb^^ ^*j 4 Ai»la\ <\*p 0 ^^ 3 Sh ' ^J 1 '* t * j 4 J ^ 

3I jLa-mO 4.S (^ C?j<^ ^ A-.i ^ A \ V 3“3^ <S cS'^ J^ e "^ ^£S a ^ 3 

^3^3 b3 ^j.i ^X»-^3 J! [4j- 8 b <A,S^O^"j^ 3«^ ^^3» e ~^ ^.-^.1x3^-^.^ ^**1x^3*^! 3 

t^ji/jXsk. <x5^ j* 3 ^^-a "^ 3 ^ j*ji 3 * a s ( 3 "^ ® 4 u^*'-t*. ! 3 '* 3 £*'^ ^ ^t3^* ^^ 3^ 

• b O^3^(,3‘ a ‘ > ^ v«S^^ 35'^T jJ. a£ Vi <^5^ s^«a«^ f I J l^a Ami ^ io 

3^?l»> oUj 1 3^3 ji cS^** , *£^ ^^'•'^j j- 5 kXjI*« 

j! 3X^,1 tiLJi^Co b ^l^b jj !j A*«-Xxa »Xjb l-« (J^-^J oT b 3*j*,**i ji 

, 3 j f ^yki .5 i\ ts** J3 j£) ^ , ‘ c? •* ^ ^ *5 Af 4 1^ C |^>i 3 ^ 

ibs «^U Oj^Tol 33!)) ji j^-L-«3.3 Ai (J £i A* U j 3 3 "J^ AS" ^i3^_^-e tSjjTil_j 

ji aS" ^3^ (yaM-WA^T^A-U M) ^j^* 3 ^ ! Jj^ 3U:py ^3 ,c-~ 1 
A| l5 L^ 03>. u*3^c£3*^i Sjjiji-* ji WU/\WV lJ \V\?IS\Vt> 

^l4«,ji ji3 i^r eiUx^il i3J aijjl C*^JU al^ 3 .J*liji Af^JZ^J j! C- 3 fi oL^Uj 

Friedrich Ludwig Wachter ein <— ji j /j->i tgi j_j . \ 

aJL>- voV^Vi) a\s*.» t Beitrag zur Geschichte der Nichteuklidischen Geometrie 

.(^ *1 0 ^) K&-?\ u- 9 tdf 
. ^ ^ ( 3 ? 1 . ^i\ v^V^yfe ^ 1 . T 


3. 


H. W. M. Olbers 


. 6 6 (3* . f 



li I 3 9 ^ 3*^*^* fes***-** I m* ^^/jAi'fc* J.Q Ii^iJ J 1 3^ ^ ^m33 

ax*S y> bj Oa^U £jU aS" j! <w*Uf Lg^r^oy/^ \/^ j«> ^ cJU I^bST 

j££Zj9 )\ \ 3 V> tAyxJfc v^)\y,A A*j!W} ij\ J>*£> jlJ 

ijS,^ ^ ^ c^ 3 *^ £j^*' ft^L^yQ C^*-*-<Jf ^ I^Jk(is£» C-lLf • 

^ C d ii44rf I £ 3^ ^ 1^41 4*3^ 3 *^ ' ^ kAj^i A.A4^^J 

l\s*\ }> «C3*£ bfj5'i ji < 53 .*: oU jjji?cj <^+.iv j** ji JUT 5 Ifcj( 3 " U 31 ^jU-iT 

/^ ^ ^^ ^ j ^ j 1 * \a\?/\\ A 6 j** „C39j U <u Oj^ 1 j-ii ^ a \ t 

e >a<w t3^j { jS.^S j j (3 ^**j ^ 3 i*«i! ^ *^j i«^ T j«^ ^ A ^ ® 

J- 5 ^ I y.y <£U«SZ& ojl)£ ->j*. jk) j! ^jl ^A^A/^ ^ 4 ^V J* 3 <£-? 

j yd$ Z>y \& A—f <rjkj.f ^Z+ujS Ai 33 : a-AJS jlxJ! c^j^X-e kjk&* Aj jki (jT 

j 3 ,3i l **^3 y > 3^' }ks Ai 31 JsXj ! (5 I ji I j <3 I l —j 3 ! 3 £3 y kiS^j j L$ j 3 ^**1 I 3C** I 

J 3 3 ^ 3jL ' J3 ^,*«3fti,9 1 ^y- ^—3 _J) 3 Aul Ij 4*4l3*,l!b 3 ^ •-» 0* 1 

J,a 2 ^^o ^X5Cswj^ ^_ 9 J f' fy***?-* As^ j&> 3 £ .J 3 .S ^,a.J li J3 J! ^f*9l^jS C-*** 1*4 {^l&Aj^lj ^ 

oT ^i*>3 ti*»fcJI (>u»^ {a* j 1 Jj ( d»<J *^ 3 + ol^ 

J 4 £ (J ^^ 3 jl [#\ J<*+v^j~q 

V I ^ L> i * ^ tA-UI^^ ^.<*>5^^ L^tovj ^ Jl^ 

J 1 I 3*’*' i* 2 *^ As3*t Lm C L3 ^ 3*^ 4 I L' A 44 J I ^Jrt»<* 1 <*t!^ 

oTj^ *^ 3 } j\ jla .1 A± uifjUj^ Oj^l 3 ^t A? ( \ A\? I S \ ^b 

^ ^ 1 ) 1^ elf^ap j 3 tsW^ a J3i jy^ ^$Siii<x>» 1/n J 3 ^ 

0 -*x!3 3 lj» <31^**33 3 ^j—j^*i <-3 OjlSoi^^i! j! <_j!^>. j 3 3-^3lif* 

*Ai! 3 A) 45 jjj jJA.J U 3 l/yj» UjaJ oij^yy °jfc'^' jj*"*y 

# (( |^iAiU 1 ^i) -^-5"^ i/<^ *»" 3 ^ J I ^ J J I ^ I 

(jrMoi ^ 3 ** ^1 Ij 339 . (5 £jr 2 * Oj^_ a 13 -«l 

<j~jji y ^ : /do^ h (\av?-\v% r/\ibr-\\vr) <jrym { > 

I ^1(3 J i jSil jl ( 5}A^3S ,,,1 £+hf (Sji J Xjjb^J {SjljZ* kjk^. 

OX« A^ (jT yy~l ji^ .C 3 <*l ^ 3^3 3! J\ eA-i 2 ^. 3 !3 y 3 ^ y>^y> ^J3-e 


i. J.K.F. HaulT 


• Yff -u^ i.^\ bV*& tJSC-jiil j J^ji ^__ >r 


Bie Theorie der Tarallellinien nebst dem Vorschlage ihrer Vevbannung aus der Geometrie 

3 . Gerling 4 . Astral 5 . Constant 




u xJi! U 4 * 4 ,A;fc y y 



•A.) 1 4j I j j t \A b «A-mi jA+'AM'Q ta^^lA^j t*33"^^“ 

/ \ \ 4 —^ (J A9j .a* a ^l^si-i Ojf"ISj$* *# Ij Sj*- c*j j j 

jXJ jJ tsL b IJ A jA- ^ jU-l ! J jl y* 4JLA..* _j$ \ A \ f 

^y *P b* 1 ^ 4$^*AA$T(Ji»i b iAS !j^Xj 4Sb^j 3 ,«A4»A> 4 )b*«I-W& 

A^cjjXj a\A».^& 4$^ jjji 4»>jJ <jbb£ 4 x5b 5 c£jj ^ 
{■AXXsIj ^JLblb 4*4i>AAft jl (E* Jj^»Ai iS^3^3 1^,5"^jJjl jl 4 ^ j'y 

CX ***1 A,*ii AI 4 _)b«o jl ^9 l^.Xi ji 4$^ A l«e CAj b 0 A*a.c> ^jjl jA j*kj 

.A.* l?cj I ^a 4 J? I AmAIA Aj aS^ 

a$" j-£ 3 3 ^Tc^£j a^U iAsbj^ jl u 5bj| \AT 6 ! \ 9°f J* 

^•*tA***Q I J 4 a,jO^> j*b 4 j V ^Sa. <«_»>lX*^ ^j»Xrf*?Ci ( CZ'Au I 6 «ArflT ja jj^l 4 «.»> jj 

jA+a A,! 3 1 j 3 AAs*- I A^j aJ 4j ^iiirAjlsIb ^&I^AjA jl 4^3 ^_jImS' £%J I jA 

^Sjj.tLj^i ojfcol^*il * aj «aU* ajjIj ij^j* $a lix*J l_i 3 c^ 3 ,\j^ jUf Ij 
Aj A 3 .O ^91 ^A (JX>AS i A liys .9 j I 4— 5"*^.a j^qaa b aS' Aj A**! o 30 -& J (_C jlSbs I Aj I j j I i^.***4i 3 jt\ 
^jl*j aJ”l*>5 jJ Aj aS*»Aj l Oji.i5Ci jUr ^ * b ^*skl ^9 «A*X _J 

, (Ai j I ^*'* u I J ^■iXx-c ^^aIz^-c ^ I jl 

C«m I 4X9 ^I<*j 4$^ ^^Ij _) A IA IaS^ ^ J _91 jt^n^il j I ^j*<J A-o a b ^ 

j* b 4 j (^j^iiS \AY^/\^°<i J*^ 4 ^^ ♦ i 4~*-u i A j I ji O^a^iV j 

dI j ^4 4j Uk' 1 ^' b^ j 4 ) I 45"" 

2 "**'J I ^ I *5 Ij Im^r »»9»As*» 4 ^ ^ 4$* t_—> bS^ (_};}! ( 3 ‘m*^ 

4 ^ 3 Oa Ixix-e 4 ^ A li iQ Ifci j^X*u A J j 4 ^ Ij ^■uA^i.sf [j Cl> IxlX-o i** I c5 ^ J_^X*»A JI 

4 J b lx« ^^s*_j4j 4X9lj^**J 4 J l&> t ^l^ JI ^9 3^ 3~^ 45 ^'^*'“ 0 lat*X 4 ^ l>. 4) 

jl ,Ax;S"^ ^ijb cf 1 j* J^ ^ Ij 4^14*«AA& 4>._^; 

u^ b <5_P_P^* c5^ *j li 4j^iaj j 0 j.a A«li« b ^jlxlX.* 4 ^ Ij j A jl 

«A*£ b daX^XS S {$3 ^ 4 J” ^ jl * ^Xaas.5 A 4 C14; !**<« lx! ( A a j! A - b *mJ 4 ^*A^ b 4 X*-oj 

jl 4T aArii Jlki J.^a cSjjTib .aAiSb 4 ^ jl J.4S J-i I J U4^.j4j| ^jl 4^ 

^ $ 4 ^ 2 x?cj f* b*« 4j 4 S ^ s tjl_^' s J I 4**»AAib 4 J-^ 4S" ,, J^j a^j^j^iAs^a 


C -ji\ c JS^JL^i j JSC.jl 4-— jT jl ^_j Theorie der Parallellinien . ^ 


, Y^V • i y> i^\ CjWfc cJSC^X^I j J^ol 


.^66 

,Geometriae Prima Elementa . Y 

. Y Y 4— . r 


vr 



0? jau £.3 I fj? Is* Aj A^ii _^I^J i^.AJ Ij i m G‘3''i j3 ^ 

«L*AAft Ij AwiXUb £jj| A?eaAj jA> # C*»*L« O^J '-*,3 j l& J ^U.3 (_£j^ s seiL-« U !j 

C i ArMJ A-& 3 / ^ A*«iAaA Cw^ A * 3^ AtO 1^ 3 ^ {J^3™ 

*Jk> la*- ^«il^.s ^3^^"^ t tAA*^ g Ij A^^^****# ^^3 !^ ^^ J ’ $^1*6*^*^! aS" 

^^^yuA»sXS I AA^!^ ^ ^ ij 3^S** A 3 ^ ^ J ^ 3 *^ ^A ( 3^*^ ■■ l ^**‘ ^ 3 ’ CJ A.;-J k-A A ^ *'*' ^.-..'SA irfi4rfj 

• , ^3‘ t ‘’(3 -4 

.Aj j j jf^.fl jlj^l A^ci^ jA A** A A (3“ ^ 0*'^*" j I d! j,i I jA *jf (^«ij ^ 

tj$**$ k^k^* ^^k^ ji t^ ^j?Ai ^,5^ ijvj 1 -<s^ 


LS* U- V 


.in v-r 

.-V’Uo «WJ ij 61 (^Ua?b*« 3 Ajh ^j-o^U ^JU jA 

o^u -rr 

^ OUT j_^»- ^jtAj A^Lj^U L fcAj lA$ 1 pQ» 3 Ok).* J i/tj y^* 

j I i a+S' ^ ^ A^ *^!i) taAX^» ^.i Ij k j ! i*A$j^w£t 

A**A«& l** j! 4.kl fUt ( ^^1-^.1 Ai^U (^_J b j A« Aj jl^a* jl 

J ^ 2;-^ J y j^^z} J- 1 (ji^ A<mA X&i 9 ^*uA* UIU A^AASa 

^ J_j"^ A> j lrt<^J J \ J\^ Y J ^ Y *P ^ J"^ aS^ jjyj ] Ij A^. J.J 4^a*l»» ^,S^jIa«H*J 

aS" (AAArl^ (J !j ^(J_^Jf £j/.A?S4fe&> J Ujl-il ^.i IjJaA.^ 3 oT AJ ^3=^ 

t A) ji i^! ' -j3 tjlj j Ai I j O^T (. C 1 ft AAA/ 3 J 

“\ Y 0 ^ ^J ^ J^ ( *'^ J ^ 3 ^ » ^^ 33 ^A (S' ■ a J ^ *3^^“ O ^ 5 *® (3* ® j~* l >*5 

0^Ai ^*»Aa 1 s S li A«iAAA \_jj^«S ^43 Jlai-o IaJ^jJJ ‘(u??-ur?/m 6 

(ji 1 ^ l^ 1 * 1 ^ l««^ I ^ Lw*^ I t pj U ^.J ^ ^^.1! jfc^.k A.aa« J [j £ ^ 

' d*A.i» I C^AAJ? *\ i ^Pt^T A^ A+U £ *J l 3 CAji 

^^ 0^3**^jAj ^_)3 ^3 “^ ,wj 3 *3^^*l-<««3^ I 

A 3 ^A-tV l 3 ij 3 Ua* 1^J jJ^ ik^A-^A^A Jsi ij J ( \aJ J.J Aj A^a ^j 

Aj Ajij (J ^** 3 ta^^**^* j Ij ^5C<wja^ aj ^_s ! jj ^ A ^ 0 / ^ y Y ^ j a L<! ( aaS' a«.1j 

.Ay« I ^J.j Ij A^>- j A; 


I, Logarithinisch - Spharischen Geometric 2 . Richard Baltzer 

3 . Elemente der Mathematik 4 . Hoiiel 


VF 



S)\. 3)3 A) ( ' ^3 Sa 3 6 j L^l j! Aa» j,„.J {jbLS ^ I jXPsm Ai Ji j,i>* 

b^bjbLi j*ii* j3 U6f7\trr 

At»tA> ^£b •A-i-U lj ^^&b,A*<b 1 *^*M*tJ l^dS>9 A^ { m ^A^(^'\ ^ 3 J} 3 Jp£ 3i ^Aitwls 

gz.£& {^) I j3 aS~ >Ai b**2 I I J (Jy | Am AXfoi J *Aj ^,a-Aa-«>W« 9 l«3 A.J 1 L—a/O ji t 3 J 

,AajIS j3 j! c*^! jji uui*'® tib <._£l&^!j j ^ 4 j*^ 

^J3^i {_S ^ Iaa»o b &3 *XX»b^ d.i ^■jjij <jPj$ 2>jb j-i *r jT^b jjb 

% * U^~3 j A * '^ 2 *‘ 

U**aa& I j 1^a93 # 3^5^ 4^^A4»Ia| ^^3 »Ai 3 bj A.J 0"^ 

# 3^.«^3 ^ b>t «»3 *A-s 3 Ij ^ ' ^-I- J b*y? ij A.J _£ 3 ^ Aa*A *,&1 |_3 -~.^ v ,^v ! ^ I ^ 

j*j^****3 l**aa^.^^^13 1 A?y a*>q jp$ *»*c3^^ lx*o ^3)) *^ : n~*jl 

^|||‘ ^ *^~ J ^ A*m^ iXuf J I t lAiUI li A*3 ij Jh2<44a£ Jl^ A^ 

{^s.9 AskjZI j3 j J>*£l,3 CjjUa^o ^ J! J.3 1 «LzJ I jj (j£j.>o IJj1 <A3t lj <ob 

^^1a?5aaJ l?cA j I j ! # t^A-4* I ^*3 Ij ul^ , ^-i fc ' A*^J^ A^j I i- ^-m t ^V 9 1 .**-•^ 

(.5 O^^,3 fj AmAX fe I «ii It 

J ^ ^5^ -Aj ^ t M , ^ j i<M A ,.. ^ Ij IaA A,^i.J 

bjJ.^"A*9 iI a« t <<**»8 ^jJtAi t 1 A .3 ^)«jc3 J I >Aj Ij >Ajj lj ^*8 JsrfAni 

lac^oAi^ bi ^.J IrtW^C ! f A^A.3 ^%aaXJ ij J' 1 Jsj!_j^ I^aJ I 43 T jl A,5^iAjT^j-4 

(j;t j3 A.roib ^4'**9ij« 13C «u3 lAisk (^) !^a3 C»m! j^$s-o>^ A$ 1 ji J 0*aa«a3 ^-6 ! 

^*p I oI^am^ ^j.) yz&^A ^_) i—tt oT ji *f «AX«w U t^a-9 ^fjljii Jajljj jjaaJij 

j& i 1^ 2 aJ| j ^j! , is ***! 3Lx.' (jl j,X£ a.j ^.xJil aJ± A.a5L oT aJ 

1 ^^4 ^j3^ 

OiA&l^^ oJ^^iA^c d jui ^a] I A^(i^'* ^3ji, UjT (J3j.i (J^A?c^ 6i>-« 

^j) a3ibl^.^ AjJa. <j?ijj jA (jTis^: < Ca^I 

(( « ^ > j3 

{^* C *Aj A LA^ ^ ^ -J’~ bAa 5^ 4 ii 

Ui ( «A*A*.AA,b 6 iAjI#^j ^j .3 Iaa<»9 jjaAJ (Jpi 4^*JjJ l *^‘«A — 3 ^-o ^j.3 Ia*»-*s)) *3l3 A^i ! 3i 


,9 S ^ 

) 5 i ^IsLVa s_iVi$ -t— J^j j . \ KV X <jvX3.» aXs^- g Nature ji a^j-J .V 

'p Y 6 - f ^ \ . { j 0 4 £-,j.*.*>>i Ajjji AZ^j_j 4 ^yl Source JBoo& in yWat/jemaiicsj 

.(m^ ‘^o^) 




Jajljj j) U 1C*j4^i *i ^y,j* d^-e •*)>• 

UoJj^ £jI cdU^l^xAj ^ JI ^ (J&***} 6 ^*.£-jj.\i>A} U<>.Aj.Aj 

OO 4_j C*"1 AX**.J L>J dlJ&U p.U ^**-1 OJj* osjAi.jJ . b^J 

A-.r ^U^U J^l ao j ojW^j oLx^-U 

|*jU Ul .*AiJJ^-« jl5s tjU"* *^0** J- 5 J Aiftf^jS" £j_jJ J jXLHf J 

b 4_!f i^j Uxi.L« 4—J J^5jj I <_£l ji jlj 2 ffr-***^ ^ 

I j ^j-U ^U&AiaJ 1 j AO^© 0 j U1 tUsUj^SU.© A_jf^xiU <S'^' £ ’ I >A** b Ue.Aj.Aj 

*2j4rsi 4%^ aa) lU-S jlJol kjljj 4 j k^J j-e ^jS^jli; *^aS ' 


A$" (£ Itfj_5J ( -A^T uijJ .j ^«iJ.Aislb A*u.AA& sju a JJ^ i -^*‘{: J j J 0 ""^’ 

(J.jUx ^ ( J.*.**J I^XJi^ U5\>.J^_r Oof^J^J A*ti«Uft> al5^J>J^ jl (1)T jjb 

jfc'jj** obir b p'&isy j\ bj^xj l)Ujj aJ'Uj ..axas^^-© jl^j? U"***s3 aS^^a S ^^j cP^ 4 , “-?J 
a 1 a*»i^j £ji ^Ux^l j«i ^b^xj (j 5 ^AL.A_ 5 ' 3 v »"^ 3 ‘ ^j*"^ 8 . J u-»*“U 

_^xU^U oU-^tfL ^^l^xbj^j j ^xJU^.W aLa*^j <AxT Ja*j ol*AA^jl^ 

4j jlJ 0>sU jl <^£jUj^a. (S^ji ^yi <jbb£ A„J A-S" {(jUSCj^J 

^_^-* jI aS" *J a 1 aa*^j oUaXj^jI ..aax<<jU <jt*V*?bj ^aJU 

^jaiAaIs! b A,unAX& cSj^'jU ob I jt^sXsf •“A' , ' , ®^i l, AJ ^.x^j eilx,A*»i 

AXSJ^aJ A^^jU Ij ^ 5 v**U»AJ J *AA>-.A-w «^.A^a.j 

A.aUI b OlO^UI j^fcjb a ^J 3 ***jl Ai -AjUjJ 

( SjJj) ^jI^Xj^jA^c-* b ^ I j A« AXA^j! olj.j'^-6 A;^^». AJiU 0 ^ jXb ♦•AjUj 

aT <£j[f jl«b jA Aj^^2^ AjjeaX) i^U ^XijUj bb t^b^cjl b ^•“•A;b"t J.j 

^m.Aa)lsI Aa».A*,& IaXx j-J A — j tfAji^j^ b 3 £ ^jbJ^j A**J.Ato 

e Ja: \«S 


{££*) .ff 


i£\j> Ul J lTJ JJ^ oT ^jbj j ^U tfjj^ ^jI 

f < .X***jb ^IaJ ^'® ^miAaIs) b ^Ua*»AAA j*.*mA j (k*Aa’***^^ I 

4 O-wi jUjI _j j ^^US" Ul A^* eA,Arti5" ^* 3 441 jliaXil 

1 .Helmholtz 2. Beltrami 3. groups of transformations 

4. Cayley 5. Felix Klein 6. Clifford 



4^ Am^- jJ i (£ ji A*e -Ua j! t _& A** uA^.A Lo J (_*? A*j 4. c k 

6 -^ a*»> A>» 3 »o l ^.*# AjjI^ ^SkA* A.S*k dL O^JjT J*> ^J*T 

^?eIj ^j}^>j-« (J.^1 U (jXS^r* ^.xS <_£tjJ ^j - ® 

.->JjT jU 

jUo M AM/WfA J ' 5 1*4* <s'\^fc5i\yS <ob)i *^-*o ^L5 

j^ ji jrfXJj ^^C-9 tS^k^ jJ jOJ.^i^l A.S J.sl=»» aT 

1 a >Aj I I ^ »Aa«w j l»*i UVr/mt-J sssslwb*^ ^<}■*■** trj'y 

A^diA A_$" ,i aS" ji , A^Tj***! ^.uiAbSltj A** AAA el^Aj.} j! 3 $ I $ k**.J Ij 

3 3 A& t— ( j^'A J jl_9l A*uA.IA 3 O^jj a**A^a _j 3 

ji>> ij l$jT L* A*j A_j ^jj! J! 3 Ai^lj (J_^~9 Ola-tAk*?I £jjl n^^V* 

• Aj_j! J ji U d***\J kp» A S' AjA^j ^klA.4j AAg*9 i 3 d f "^ i^^l—) ^j*J^ *^ji 

3 AjlAj jj^ £+} I 4 .J^j Akxj Ap^jaUa AjjI j <jf j 4 3 -J^ JJA Akb 3 $ 6 $\>. 

.C --1 jjA AkxJ dLj <^ljb iaSi A*.jU Aj ji j <j* ji l> 

^L^L^I 4£^A.?e.o ^JjgSA Obj J 4**A£A 42*1 A,o 4j O ^3X&33$ I ^ 

J-ij 3 r iS jsi 3 o jt La 3 jStej dj^fjS^j-* (ltU jlfSJjst*} .djUx^Ur^*A ^3^3* 
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! J [)l J,«*«\ I 3 J 3 ^a](2.X>0 (J yf\ ^jaA<|A.5 ( d^A*t d«A»eT A_S" Aj { U«-dk.* 
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4 A.5^ Ijjj fdjjldj c5ji y-* -ksLjd bo! djjli iJ aIza) db ksb-jd 

!j ^J)L1am3 ^jI *SiZ+jJ\ o' AX.**»jld 4 J.idJdb (Sj^j , ' a k*. 3^ 0-^ ^~9^-9 ^* 
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JC 

bkjij jd oT ^bs b s^Cj^Vc. (_£ l&dkjij a^^Ks- .diad^* lH J 
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A*J I t 2 A<#Aj /\ T3»^l A«»Q Ij! a^Bj Aj - 5 ABO ^jb^^Ajjlj ^ 

, 1^.jT Aj ll^i ^I>-13 ^UU^ AjjIj j I 
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Ijjlj J' £***! jxOj.r BAO a ij\j *LS^jT a^L_j A'B r kaJ. ejl_j ji AB Ja^ »jIj 

.B'A'O' 

csi^s* **3ij..n 

u j& iS^ji n(h) iS j y* j*o< I ^ Aa Y? £ ^ ^ 
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\ / f*-j h DM j CM s j f-k** J^j 

DAM <s oLil 

ci*i yi ^s c j"^“ CBM j 

.CHM j DHM cSj^j ji 
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t •XXtS’ t «X j 3^»*3 X*J 1*4 O b*o o j I *X i Aj I^wa^o i^ j t &sw ij Aj Ir^urtB® 

13 ^jT 33^^ A44«b dXfc« o 4 f 3 Aj 3 ^ 3 A<w^ aS *^^*53 a5"*»Aj 4 f 3^* Un^^***f ^4 

. c-xl«< b) * 34 


O’-J^ 


t4*-i Ij 4mJ f^X j Lj 4*«£^ 1 3 \ V (X*-**"^ Y p - ' *—4 1 .~j I Y A*-*zJ jl 0 ^ ^ 1 Lj „ ^ 

3^>- 44.5^"^»» 13 Jas*' j AX/ 54 ^* ^J>jjAj> aIzaj jj &S“ »l!T jb 4 ^.X?* 
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old.J J^Xs> J* ^ pij-iij'* J ^"J lj i ijb* } 

J* I O" I A « tiVj^l bi i Ai 1 ji$"” <jj lj^> L Ja>- aU2J jl ol J^fj* *S^jyjl«ibj 





HCO F yj' HD® *C 6 -$kL« D ji j* m 

ij 1 ^ j I**^.4 b IDO ^SkjL»$ lj (j£ l • j L)k& C^FJ k 3 C ji ^ CJ 
.uU;u I j U GBDfi j FECJ <si$i£« 4.*«jI jU , ± ^JufcIjp*. /^ki J AIj iC I aWaI j} 
jz \j ACJ J I A J *^b _> Asjs**i j«s J t CJ < 5 j*^ EF -ijU^ 

* K 6j'*' (S ^ ^ 3 " a, s 

jjiU^AiT BD «-Lk oT ‘Hi j 1 j\ fr*°) m j* ij KL 

l j MN >±J> l-u CL <5jU* 1 j DN J>k j EK &j^ h BM J^k c*J AC 

jl^.3^. A_$" ^1 «Ji cJ^' J olk*i U '■di.tS &-~S ♦ “k^ ffl”“J 

KL j MN j m j wZ ***l MN BAJND j EKLC 

i***j tj KMNLj4»- j k«j ^u^kn ,^il^ 

t I HI 3 ^ j^4a.£- iAaS^^-o 

^5"** t Ai i J «A^u Li ^a<wiI^ 3 Jt*"*** 1 ^ Z *k..i jl ^o****! 

j * A&J 1$ AjjI^ jl^*;** I t—3 ij* j***??* 

*+ * ♦ » a 

^ ^. 3 **Ap4b« 


J:3*-& 3J l^-Xl A.1 ''Vb jVs^ *<u4 A*,. r ^ J 1 A 3 I J l^vy i 

^S^(jT *X*$> ^ I J 3 J***U+iA 

\J&3 <^J ^£**»Li» ^ j* f*+*J ^ 4 <iii ji c)i 3 ^ 

^ kAX<3 b J2^i Ji 


vS e.fc3 J jt (^Iftilaaj .f ? 

4 Ij ij {J ib ^ ^1^ biS ij J^ <Sj$ J,J^A A**j«i 

^j3*> Ai l^.i)T ji O i J Ji cSji L? l'^ , ^** , ' L?ij} c^' 

y*i ^.ia \aZa lj (^?^.k®fc 4.J lj j\J \ \ZZ*+“ I C3^" O^- 4 J , <JZ*j* 1 ^tk (j£ i^.ki. 

< ***& L*“ 

v bi ^aAj jl«Aj 1 j2a>< b .ka>» &^ i >Aj J(^,5> ji ^b> 

^C Ife 4.k^.: ^9 J*" 4 I (_) !.«>.& lj . i ii $ j.*>& 61 j iilj ZZu I 

^,ial^2n>ob ka» ^J^ aT iji ^^kj S j •A-m’ J^x. 

e ^k-3 I Akjii tik !j j?\i<XS>£ Ij ^ v ^k#J *~k) j«5 


t \f ¥ tj* 'i^V '6W & Aj . . 'i 

.r\ c*+«s 4 — .y 


3 . Ultra _ ideal 




jj 1 I Ak-flJ J 3 A^ j^J ^5o Ob*» ' _) k> » l»ijjj ‘^ 3 *"^' (Jy k^ k .i lW A^& w^aJ ^jJ«Aj 

ksL j),i i ^IAkaj oT {^Ij A_5^(J?!A*>.«/3 b 

oT (^(j AkjU JjJ I A** k jj,k». jf I A**«i J J<xxf^ (jt:*"* I J ^ Akdj dL ^kld*.«lj 

£.ki A&jli Aj jl j Aj Ij JsaL OI i3jXk-« 3^*£ Alf^k^ksi. A*.& jl C*«3 Ojl a£> 

_j O**! AkjiJ O ^ k>, &- A$" J5 j 1 ^ ^ksfc. ' ^k-®> jfc b jklilw# 

k‘*»^ lj ^kk *,*.<9 J f Jj ^A»fe JJ 1 AkjlJ «A*«u li 6 -Jv^i l^y.' k». OX jJ aS^ ^k.^. 

£j| # Jjj jfb*^jji Akij (jT ji k». d)T^J (jz\.ft>£j#.& A*>& AS" ^jb =5j .»»J Jji) Ak.Sj dk 

^JU (^UiJ! (-fj j.j c.ij j»* b I j j y) ^bAkij aS" ^£>1 ! j ^bjl y 

XX t tJi***I aA*j l*,o ko. AlXoT Aj b Aj Ia,j ^ ^£.£-4b r^’ A> (T X^ 

«Aj^«* 4 jXy J y ^I.g.k.a. Aa>£» aXC*«! J jJ I AkiJ db 

^kLlX-Q is^lish* Jb^ias&r (jT j! A$f fajlj dl^«A ;0 ^jjl JJ 

O^fO J! (Js J l^*wj ^^44 U Aii ^ ^ 

4.jjj| kill cSl^J S kUl ^j9 jSkJi Aj A^^kS" 

0*JA* 

. jj ji fj jjjI klii ^iU*j k>- <df -A^aS" C-jIj 

j£ • TV 

J ^ ^^ ,<k,c ' (J^k 1 j ^ksL Ak^j i‘ tj A^ pe-jiTO J-^ i 

lj ^ ^ ^ tj ^ ^.k k.^ a 5"^jT ^aaA) *^jT ^ ^ k> . aJ^^j 

t «AjT ^ a 4 l-* 1 »J Isa- A**i ^,k Iji^b* b 

Alyls' j A«4*^ e j <jUL*kliu aIza'} j! ^.ku*^ ki. 

J Oj.M jJ- 5 ^klij Ak^jj! AkSj aS"^XJJ ^Jslj j A^c-bJ jl ^5Cj kUi (^3 

Ai" ^J^k A„S j^.A j<As^& Ak^i ^j 5 Aj Ak^i AS "”3 - 1 


J A A.** b (3 Ua. 4 .i ^«>£’ b d! ^ k.-»> ^Syi ^ ^ ^ 1X1 3 1 ***** *urj 

0 P Y aS"^*-«4.9 Aj ^:*2 b O o^k dij j 1 ji ^9ij c) Akll j 3 P^ J P^ 

"j^4^ ♦"^2 ,<a '^ m ^ ^j”*-* P t Q r 3 P^Q^ .^b OPJ' S~* }j\ 

fc*«l P^P x Q r A^ij j t^jku P t P^Q n Ajjlj P^P x Q t Q^ A^jIS 




AkJeJ dk j! <*S5 S l* y ^jJ 3o .P X Q S jl cl jf# P r Q, ^ 

^L>Uj A.kji i j f cS.i 2 .JaI <jd-d jj3 k AjT 3jji (Sj^i^ ji .**kUn.* k». j3 jf ^Sk y £.31 j 
CP £<^a€ t£^ j\ JZ £». j.r^J sUj £kJk‘4.j dkJu <JJ*5 iiLj3^i 1 j J j~* Jji 

«A*Slj (_C jl^v.-o aJl^Is aS^jS' jln£s*»l (^J^.k I j <s.kj!.j &S c 3i3OL*Ls A j k (J^<Xi*4il 

OJ l* *$ oUi l fl J f J I *^*(J ti ijJ Jwl ^ t lj 

dAAjcAp (j£I^JIs ol~« J i 4 J I 4 ^^ (J^k 3 ^ 'k J! J dij elS^ a5"3_j*S 

A*J ^■*.S' dis ^-jfi k t*3 j^,J ^.^k jA9^& £ CA>>> k« lj AL3«k 

A@* j&i A,jk sAi^ I , j-^.<jAS"^aO y oA<J« CL-skj I ! j oT k. 4 J ^}3 J} 3^5* ^ J%’ > ~ k 

. ^4* An i,$ I &*44iiXX>& ^,^^1p*4J A| 4^4««A*,& Ji^ i«M I *S j.& 


jJUtfli <*S 3J.J; C^ili ^&3 4j*b j* J __;*=*■ tj^J A* I tf^~ aAj jj^ I £j| 3_^:>,jk 

j^kn* i A,^^3^_^3 0 ^ki*aj aS' t X3 3_^*^* 1 1 ^"^ 3 Jf f^y***^^ i k^ oj 1 j 

1<U> I®3^„d Aa-vcO (__£ j I y Aj ^ t j 4 ,)! j^.X£ Ai AS'^jjl e3 l»b Aj _J IJ jib Aj ASf'^,**5^ 4 S J_S^”“*k 

Aoi^l**^1.^is i>^l3 u aT 1 ^k k^*« 

b OM ^J>j \£)\y ^jij \j P^OQ^ ^i*j n j£~ 

I k-lV^jN^ a i^jT, xn^j 3 ^«.,c ij 4 ^"* 61 k ^Jpti^-« a!^?Is 4 ^^k*v« 

J'Asjfti tf Ja»Ldj! ^51J 4^1 A.kij Aly?u A.roTcjlJi ,C*«.i $+ 

ji 3j|,aX j Anns' lA>.Ja».#jk O I <J^k 4 ^ji *>«*«& MN ^3 jj MR <•*£ *a5I y «Jwik jij3 

P AiJU 4^1 aLa) j3l j ] 3_a*.£. a S' Jo 3 ol ^JLsb e “k''^ J^** 1 J i R jj MN 

< RMJ^ c»*«i P j^ P(^) 3 

(jl 1 j! aS'^I l —j 4,5' u3-«i« {^ 4p*jJ Aiij ji-o ia^L ojb jl 


|j^l ^,* 0 j Q Xt»i^Ijl 1X1 d^*^**ij XXI ^3 




]VI j * Q J $ < 01V5 OQ I ^ls.5 f J 1 *P 

ij d l^V^Afill ^^*ut J^J OM j! OQ jf\j i 3^ | lj ^^4^ •> 

Jjkl^cj A^aI 1 


^IJ^Ui 3 >XZi\j^iiXS^iiAi{£j ^!JiX^I j,^ 4 ,***^jjJ ^3 ^ 3*- 0 k»- 3 *^ t ^ 

3 ^ j I (J? 3 ^J ^ <^k.tfl Is 3 {*^>*j 13 «—* 3 ^ ^J >^^-' 31 (J> 3 i 3 J <_)■} 

(J3^ J ^ 3 <^*S’ <j? j I3J ilux-cf jm> ^.iaAj aS ~3 «A*i A) 13^ y^Ka^j^ 3k 

«djL&,j 35*° (J>3^3^ c3^> «il*J«'i<®l 3^ a]s.a 3 aT^3*9 3 *^» ^3^ 3^5 33^ ^^’^33'^'® 


^ 5)3 *k£ P Y j P N j *(f ° c 3 “^“) tfjijn j- ro j 1 (j^3 w ® 

^*k? 3i-&»* 03^ Alt j) j\J* (S j^3^ P^ A ! ^*iAii 4 A) Py J ^ tj 



jZblsjf P r Q t <P X jj Ajjlj jl c***l P^ ^ ajj! j P n P x Q x Q n aJU >i 

O •3"“' > ^3‘ s 4 **»a*A ^— 5 *" 4^*"! ^jj| ^ 3*t oU;S t^*,uj j* 3 *^ A-S~ APpi T (J l_a. ,P S Q^ 3 S o*«il 
Jl-^-' 6 jjJi f«J> 3 l»»j jj2 ,R ' 4 t£3k*-e HI jS 3 ^jJ>3*.a aUL» 4 —b ClJIj 1 j) (_$(AkZJ 

P JiXlU^kxi j*> ji 3^ ^ji \Sl3-j . ^3-^ 0^3* 3$"" J~s? 3& l_j 4 _f*j^i 33s 3 <fc 

.«j!^ aI^U t£jL*..« PQ I .X,iT ^*.j m j —1 I j PQ ^-*-£ 1 j —1 £j)j \ 

(QP iljtL.1 3 ^ ^ ^QP 3I ^J3'^ ij^- 32-^'J^ ,ul***i oA-oTo.i*J.i e^lk*# Akdj J.-2b ^Ji *5 
i»kH?e^ c-4^3^ hi cS3i y* ^k&. P jl f»A s ;r i a1*pU *k «9 13 QR J> 




I £> foli 4 J '•"***J * cJ.A^Vk^i 1 

STC* # 1 A.i«£«>^3 S ^ ijft 1 Aj2..£j Jmk (£ L?C.# W*^*^^* 

c**«i PQ <J.>t>*-« *& ST ‘-i J° )^ m 3 1 (£3jj-~i p**j m j~i ij 
Oj^\ , tXdiT^j.^ j N *•* ij M , ■bdif i*A». TQ 3 SR l9jL<v^ j*} ij TN jSIVt 

.uU***^ ^J!>-* 5 l uU**i j jAg 3 HI j2 ^3^ MN ^(j ~i djb.il <£^ji 

dlj 4,_j la».A.*.& ^«X.ii! -Uil.# ^ji jZ-q is jb.*. 4.„|fo>*«l o^JJ u^i ji fji^i 

Jot jA*p*-i i 32 ^ ji ji ^5vJjj ^slj .A3 dlj <*.LysU jJj.s* 6 di* ■u*j4 <d*» ll 

^ lili ^^ *9 4 ^ ^ £ tJ\^' ksj*jv^ ^ ^ b—* ^ ds,bmAi 3 

j 1J t>44 ^Ji I 1 ^^pRi *f2^ ^ £ fitA**) I (^3 ^*^5^ 1 % *A*0 ^ A I ^ t-^.^ T^ 

•A^ jb Ij iSj^ A*4idi& j** 

ji <ju.f j.«»i.-a ui^i» ji dij jA j,5 a***j, 2 j £,L Ue^LJ iaih. ji ^ ^*«ai 

d««i 13' j5 (Sj^l^ j! £j AlzAJ j& (£ij.o.£• ^iyS U J t J.Zjljf^^lj jS\jJ.£j 

ji dJ^.X,<n*z4 i 3j/s,& j I 4 .I 2 .JI} J 3 j*3i W—) Jj$3 ^ j-3t &.t$ j} ejlnAil 3^j**A/-*b ijt*.s* lQ 3 j 


i j^S- IVJ^N 3 •^***^^ 0 1 j?s} i ^.i»l_j ia^. ji J5C^) JX1 3 1 3**a£ i3^j^ 

j /M t-i^i» dij ji ] jf ^?)j cIj,^b3^ £kzj ji P t J P^ ,»Udb I^jT 

-JM? m ji Ij P r Q v j P^Q S .dxdb MP n j? jy. MP X 


0 m Pi _Ea 



fr 

ji j* P X Q X j P n Q n *S 3&i^* oU.i MP X Q X N 3 MP n Q n N < 5 ^*^ 
y«U jU- Jd .JJI^U MP X Q X 3 MP S Q, ^U^ijlj ^ MN 

P\Qr **P' i P Y ^jij ji c.4.1 fj-i P^ ioU p,p,q,q n U 3 $ 

M 3 i 3 J tJ_^is ! <k!t2.A} ‘K^S' ^j«Aj ji i«^*«ii 3*y 

*'^3' ua { a y* ]VT ji oi 33^ 





i I o ^S-ysy jl £ ^*i ^ a,w jjjl I 

^ Ij L ^JI ^*) ^ -4* t*^C*»J 1 jj I *^4« «A* S J^ji^ ^ »A*w ij 

J*X| 6*A.4^U /& MN jl P,Q, A—^^j! 6^*2 i_.' c p ^(^)^ ^ MN d "^-“ 6>if«5 

MP^vNl *^aj iS^jP^i _^v a - ?c ' s ^ {jf ^*1.^j o^ s j^' 4 ^*^**^ }j\ P n Q, 

L_J IaJ t yZ.+,r.-Q 4>S^ L^*»* 4, a3 l (^ J Li lArf-u .Ail^i Alijtf Is AS" iC f J** Ui 

ITl ji Ij PQ ^ 3 *- & J >A«lj 1 j s tSl^Jaij P ('p Y 6 ^“**) O^ J* * b p^if 

^” > j|^'t3"^-? ^ c**6 £*l j P ^MN ^j^Ls ji 1 ^ j^j- 4 ^la»» Nji *^a*^ [■*"“-) 

/£)J> PQ x<^ ^Rj: Ij PQ (£j\^ 61 y^ N 4* P 

t (J ^ Wn^^* I ^1 ^ b$ 1 

<^*jji RQ j jj^ N j! R *^j"^ jj-i M ji P 

.PQ (js”'?^* (_/*^ 


/uAaJjIjIa-0 C^aI.v-O ^p 1 ^ji/sls ! ^««>AiA tXXi 1.3 ( (j£ ^Jj^J«A& &Mi»Xnlbj2> 

jjb ^{tif U=;j 1 _p UI ,6T ^UaJU^ j c*JUu ^I^UjjI^Jj Uaj jl j ^5 U j 

l^i J IaJ jjJ ! 4 ^Z>-9 J?* ^.Js ixX^ ; ^e*.l&ji ji ! ^9!^i2,ij l_j ^Ji,ft.j Ij l^,ia», 

I li A*b«-*S^ J 1 j! ^ ^AU)«^ ^4tf^A|L? I i<Ui l w j J 

l^^ n va,5 jl <k$ JsaI {>zXj\ ^ 

, _)aJ fl^lxAAol CS*^33* -5 




jb (.JUj 13 1 ^ 1 A&,»A<*& wA/, j 1^5 v^-u/^J 1 -- (^^*%.***^. **<«*,£) l& j! 6«il^itfs,*^i Ij 

, 5jlf*^jj* £b Ul Ak li jTj) |Hf& |» ^*4i ^k? k_^2y£.A>4 
3 J^-&..C d 1^0 T fAX^Slj ljt!s-0 l_J £.Ly2 (^l^Aii^fcX.«ii^^iS ol^j& » (**_?“' *-A3 lift. 

ASb^S" ^ 2 &( ^3»» £*i Ij £ik t £J ^A&^J ji 1 ^1 Alzjli Jl _5 CX*A!1 ^ AXifcl^SS- 

^fcjjjl Ak£j 

($14*1^4$ l$k**j C TT *A' j ci-'k-s (^tp^ ^j.sc <£j ABC •^'t&J>j> 

A' j C' jp BC j AB &\*±<j** *£ .^-sij C <B < A <5 j^ jj 

^AS"" AX»J b Jbjlj »AI^T AX.J k Ajjb jaamX •>T t A<Ujv b kz<4 b 

»MN jt aa*J B' AC 

AN csW^ /i .UCjT .j^T^j MN ;! a b B'L j CK j BJ j AH 

J- CKj AH! *$ A ^kZ*\ b k b Ajj„<x «^;*«^CMjBMj BNj 

^ A* ^ j T T "F^. C!^ t*-****^^^ ij i a^b>* -b- 5 j *BJ b 

_^J ^ Aj bCA *»1 $j^&.S’ ^j3.5"*^^ .iijb k*#_3 B r jJ A_S" BT_^ k > . _j \ 

Ak-aj tk-j *..-**-' b^* ^j! c^k-4 ^l^iss A-w A*s^j '-1-1 Ij 

^a^ ^ I »^ jtS'j*~ r n**4i 

tJAX**l| ^,xk»® l^.i, i! ^s,A^) J ijj.A.£. /i f aa3 U 

4 A*« Li t 1 jl sdij Ij Aj Ij 

jSjfo A j Ij A^r^k* I j ji j> I aT i^j 

C«J l* Vb ji Ar A?e5 I A^camJ A^b £.L l?b* 
6 A) b ^ b aS^ # 

J.' IjT A^r tmA , w! I ImA^I 

ij ^^*» 4tt I ***^*£w ^ 

ji^il ^ C^ li 0 *£s* 

ff jca 

iSjlj* l^e^c ol^a* jA J}** CJ AAj J \ j^ji b A«^S" l^<iS«A*Aj.,*£. j.i 

^* f * tj b A*# a 5T .il.i AX&l^j.ft» ("^CA-k■*? Alj A^ {^\ AX*«b 

kki j A !j j < ^ A k'9 O^v* A^« aS^Aj ! 7^-y.^b ! s AX”«m*i&> <C 1& aIsjij 

(AjUJ ^ks X jX> ij ^2^0^ ki, J S b ki. ST !>k-c .Axlf ^ka 

j^tT (R AxUrf (£ i Akij 1«.J ui3 V^ZJH CA4>. jX> (jt <Jib Xil AX-el J X^2 ^ ^*«J b 


i \2 





A^e**.} J * RT&2^ J Oj J“> ^.S1J ST 

Japw cLLj ^. 5 "C 4.&0 A<M»g«>& oL 3 s** a«_S^o^** ( Xo^ ^30 A&!3:*. ^LlsU ^2 ^12^ Aj 

^ t-, J? I hA^jQ^^.a.£ A** J* ^ ^JL 

^ias ! j ^ £*>1 

abc £-&• j- 5 

< 5 ^j 1 jj-^s* (f &d^) 

^ oT XjjI j A j <^Li 

4£jL*we i J BAK A„jj!j .XSl-j 
..AjjL^ C Ljlj lj CAL ajj! j iB ^jjU 
335 '*'^ 1 ^.aJI». 4^L* O^ 3 “— J L 5 ”* ^X J^/tA-v^i! lj 13 C < ^ 4 * 3^ 

e *A^,^lj ! ji ( j5\j*xSkj ii ^*>I Aj 313 Am j.& Ij i j>$i& Ij ci^i'^'C aj 3 ! 3 3 ^ a 5 4 IJ} 
(JpI AlaAi 3 ** 3 A 4 ^fl A$"^ ^jjAi 

^^3*^^* Ok^3 aXzas *Ajb p3^ y '»,x ^^^^3 

CHj^~ 

e J,J.J _j L-£.^j» dJ.±«* U Aj i 3 ^Xa«-l,S (^l.Aj L^»^.~.J aS"”" A^^S””” £*j Ij « \ 

*Tj^rcaU.r 

oT «aj X?j jJL^i aij j Ij 3 ^.-o tX-Xi^ ^1 ^*pIXjj 1 ^r a~i$T c*j t* .i&t <jl" liC^J 

^ilc aLXj tllj ji <Ai 3 X p.^j ^1 j ji 'jj ! ^L^pliX jl 'j* I j ji J1 4-T -Iasi- j J aX* 

.AJAlS" ^.UUj 

4 baj 4 *Uj jl Jb> k^ 4 ? b 1^3 jf j,« ^J . f ^ 

j I A$” ^ a 3 j ^ ^ l • -t~~ i 4 ^ 3^ , 3 ^ A^o hA*& ^A^aS ? A$ ^^£*3*^3*^ i a^£a»s 5 3*^ 

03 ^Lj o-ij-^ 1 ^JjA^ ia^ 1 -.J ia^. P jA* Xki» 

)€ o^ t^L-j ♦ t A*\ri , vi^ 13 '"*"^ 43 ^ 13 X ^ S a&n t ^* 1 Ai 3*^^^’ 4 ^ aS" 1 &*X+**^j^^k£ 

• ^j a '***^ {J}**' j IjO 


jl uJjJ3j 3 ^ 3 ! j\z >islU AS ^t^lasILdjL .''f^J 

*XXj l^. k^ 03 ^ 43^ &£ ^*9 j j 5 v.o ( a j 31 ^3! 3^ c^«m i 3 tXLj^j ■AnS'^^.o ^.^3 |^.& aj (3 3 > l aj 


j 4 ejt_j ^JIL^>) Neue Begriindung der ebene Geometrie aJU,* ji J, Hjelmsley ,\ 
. f f \ , t j^ 1 "j GV C ? f* 4 i^- c Mathematische Annalen jz c (as^L*«-« a^44a 



t *\Xa!v I ^ k.w3 A.]i2,Ai 

ku; jl ji^'j^ (f J&s) A'B'CC.3 ABC... u^y 

(^Jjii <P jNj M j ...<BC=B'C' *AB=A'B' ^ oU*. 
Juslijjku N ; jM/i tfc~l okJ .^~k CC j BB' j AA' 

3 AI A-Ji j^ilT^-a J* <k*t‘j ^k-ft) tlli l^k^*oj k 3 f C^**! j** P 



MB k B"M * I B" k ai^J-¥»j 1 j BM .^jksu P j N” 

A' j B' *-? lj B jj.^- .j^iUju *kju B' 3 B oj^ ^jl _p 
B"A'B' ,j;iLJI t£ jl**~-o C»li-« S-teU B B' C**«l ^p\j J.^3 

CUa.^ 9 Sp j<e..'^ ($£*.£■ ^**J <Co^<* ^{J B BB' *■—*!.£.* O-A^ls 

J <BC k jlaI* (S3 B"C" *-T t?j>4 x.^ alxul C" U 1J A'B" x»* . (f r 
O^ ^ik* Is c5‘Jl ok*X*J k -.Xjf pa*'j lj JvlC J C NI 3 CC 

m £j,<*,£- ^j 1 ^ Uj 4 o«*.l CC" ;k ««3 iM 3 X***I *1 C 3 IVl 3 C ^ ok«j 
C 'CC XkU aXcU uj^aJU C"A'C' (j-*^I^ 3 !-««-'« dJXso-Utl C rr C' '—***■*•« 
-c£3Ux« cSUaJjtii (5 t$iy*A,o j.*.*. Ul .MP y ^ yJ 

^ MP J MN *ToT Jai. d* C'A'C' 3 B'A'B' a-JUJl 

,*£iJu k kX dk i5jj Xk P J N 3 M 3 ^ dj 

lj l^ -k -M.3 O^k d<*.tU lj klAi (,_^l (S /' .eJ 

i JI 3" 0 dk J«i 


(5tS^-ksl. (**0 •iXf-O m c-j l—J ^ A.*S l) 3*“^ ^ 

• ^ J 

(JlJJlj 1 jj ^-_>lj j~A ei jicii (^l.kij P J ^IuL (f V (J^“) 1 ^J A 







P L 



fY JC&' 

i !j lj 1 iSj ^3”® k»>. 3 *^ P j} ^ 3 s *'^ 3 "° 

Ik^i «lftT ^Jjji^i lj 1 j,i P jl PQ $£*.& c+*»?zi „ AftU i—i s"j^-w'j lj oT 

PS cj^k P^2 j\ • ^jkits**S c*#l 1 3 I >Aa> 4 ! j3 3 1 3 $ ^R. 

RS J PQ (i—+i!>jri ‘kLjl N J M .*V^ j !j SR o^-fi-U. QR ( 53 L*.* lj 
_3 i li i tS3^ j-« MN 

alxul M <J> jl lj NM /l .JuiljAC PQ ^ Jj.^ P Jj lj fi'PO" ii .PS 
£ dAj | J Pfl" I; y-l j <j^»**o j I jJ , '° Q J, ♦ ****** I (^j! J^-4 P^' li Ai W.*4J I <A*&3 

PS j QR (Sji**-* tj QU Jjk Q 12 " jj .^r ^ks X o_^»* csUkii j3 lj Pfi -b*k 
^juji^jU-,* STU 3 PTQ 03 ^ p**j lj RU 3 SU j~S l-u. 
XO OJC.O ks^ i ^.^01 y*i 3 *oT k*i (_3 j3 SQ 3 $ lh»«! ^jr.*.^ MX 
UKR w*i*<o ^ 3 ?" e 3 ^^ 4 iAj}0iA 3 ^.**j O^ c£j^ 3 '° T jl ^5*” »AiX.*n&> J3 X^2 3 

J*3 3 iA<3 ^ ^ .-6 [ -fl^A.< | J I^l.^2 ^;| 3 ^ j XJ.1R. t—I j2jjs9 1>«4<J I 3 

SR Jaafc lAjT^rCj^ ,^*rf*»jjj kj^ferM*? IftA,?CgJ>j ji # I ■^3 a “ c 3*^ 12K10 

ii^4h£ Ji 2 »» 1 ^ j I loj 4»«#>*>s! 3^*.^ ^24*3 J*^ ST-J^IR. L«*i*>( ji 

I j P^2 c? J^3-® 3 N jl |*3*« j-* N12 /r k>. j N12 “k^ jjai ^—53' J o*X*Z> j^*« j SR 

^5^ S2 r Pfi ff k L j* **J> uiysJ lj Q'NS2" ajjIj SR <sj j 3^ ^ 

* ^ jf^ ( 313 ^ I j t—.<»J il &»0 ^jj 1 , i^auI ^k.^j 1 j «2 j 

1 (53^3^ ^ki. 1 k»» ji £j\j j+c* P <0aw5 jl *$ ^jl cPl^ .^aWj? 

1 j (jT oLa.j I LI . il**'! o^ jj \ £^jjxjt Appendix y 'p JULj ji LJ I j J* (jJ I . \ 

tiJljJ a.j^ j jj') j*j^y>l^- ( Y V-Y 6 . J-& tNichteuklidische Geometrie ji Liebmann aj 

. ^ Ji^ ( \ \ \ V 
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Ojs£ ^*>1 <J 3 k O jh> 'J5 J* jX 1 (SJJ ji J ^JJjT ^Jj* 1 J-i P U PQ 

PL j R jl Ij RL ^ j J^iSs PQ jt *y* L PL k*. P j! !-u QR 
.Axf^.ks S p ij LR k ^j-? {j^j^ QR k 3 P 3 ^^ ro 

R l** b {j j^p {J?J( 3 .® AXJuj!^ P 5 1 t£jl j-o kjki j! Jf*i PS 

pj£ iS*’ (*”“ J (J ,A ‘* A.® LI J Q j^P Ljk P 

^.k* Ak*J idlj p kli \j LR ki. djk <3«3» ^ 6 ^ 

^.p^HT b 3 J> O I 3™ J ^-o *^Ia*»oI _p J"* tSj ^" 8 k^9 aS^ u»*"**I jl 

« O-UJ 1 L?jU QR b PS ^ 

0 J l-«i i 'p y J i l>~ Aj j<$. ' 3 ^*“ ^ 5 ”^ ^lk>Q Ai I J I ^ 3 *”V 

SRH LjIj j ^R^i RH alfy> Pj5" ^p! ^ «^U :«1 jT j! is^jy aT 
J oj*- Akii p S^2 j RH Aif j^L <3UL5 o^j-^-« y L b - JL.j SR12 (S3 L-« ij 

0 K 12 ^ j$ ^^au& £ji I p^^LI 0 *^ 13 -** SP- ^ 3 <& "^ aS" tX*,*^" ^J 3 ''*’J I * 

Ajjf ^y9 J Li »A~ Li tlX'tS* ^ SJR Jt^jtj 

aL^U LR 3 ^ p.*£Lj^p PO Li j- 1 * ( 3 -*^ c9 j L * 4 b 3 

.pjjl^i! cSjlji Ajjlj ij Ajjlj /I C-w-i LSP Ajjlj b 

\ 

^dijLj Aj l,j *r^k^* f b j _j LSCj l_j ^.J 

^j^.izsX j ijl** AJ Ij -jT ^-X<^ J-5 J 

y jj]>•*-> <—-) .Ji-jj^^-' Ablj ilj jj Jliii kjj jSsjA^j A„j Ij C>T jks ji kLji A-^ 

„ (f r c*++«3 

4iSi> Ji3 *6° 

AXaS^^jsS*'! jJ*<?c5 j 3 A^" ii 4 ^AwL) j*>A^.X> Xi\.M 

k ejb a^kj*U ,C^>>L f j a!^ Is j &s b jkl 

A;*- j,^.* Ai \j L® jjj! 4 ! jA*f^ XI (Xl) AaS b e c-Sl A (J 

^ka- 3 jIj Ij {X J> jjb ij d xau 6 ^ Xl(a) jfi ojL^ 

aS^ j-(j.««j !i^.e i— <»^c k.<i 3 t<4*^ J^>- 3 ^ t3^“ 3* ■^3*'^ 

l^,;T j j Aia^ O ^ 1 J HI *AaaS^ 


o. 



A* 


j OO ji tj B 3 A p&u a£ <sUjjlj ij^-i 000 ; j 

<y i^.i j t 3^3 tX^xS" ^ j AB • >xxju Ij [jy 3 OB 3 OjAl x'x x*xj jL.ms>»i (Sj^b OO' 

BE 3 A]3 , <xx'S ^.Llu C o Ak^hj^ ■ ^ l ^~ 3~ > p**) b BO 3 A.0 

Gi F ji v^j=« b AO" J BO u b 0B0' j OAO' (Jp 1 j 1 9 J) (Jp l& j 
3 OAC cS^ajj! j <x„S 3 ^zi<k?c,xxi BOO 3 AOO {jp l^.LSC*Ji a^a-j l.c.4 j! , eXxxS" 
oUi e^uT *^u ,s» ^b* O'BCj OAC csUajjI j 4 pe.xJj.5j <^y b? OBC 
^.k ti s FJ j$ BEi AD aS" {jz* «lAixlsU:uL BE 3 AD oT 

j (ABH j BAH (5i*4.jjij aG S ^it o! 3*^y> 0 15CJT .auT 

HBO 3 HAO (J?y b*♦^jib* ^BH 3 AH 
wU&i^sL ji^^-e BHO 3 AHO iS i—-^ ajj! j j**"j b H0 ^i a$" \*y 

I *X*3 I 3 ^ (j Al ^ Ij*i# ~R Fy 3 >Al D [ 3 *? * l$ 3 ^ 3 ? k>l *Aj* 

A-S 3 A?e ,3i jjj! jl 3 j^S <J.i&l^?e3 3 1 .AX-eI B J A. t-bk J1 tj 1^3 I 

* .jl c**«l j.-5C^.j,r FBE 3 BFD t^ta^jjlj ^j^^-o 

IjIjO l_3 tIl*J Isw i I J 3 , iAx^L t5jij-« BE j AD <jPy 

3 FD j* jl vi>iUi J5C^ i i AF vjj-o 3 FO 3 AO tsjl 3 ^ 3 * jl 

jl j 0j^“ f*AijjU*«i4 FB j AF ^ 1 . FB VJJ'* 3 BE 

AjjI j jaj .J'jjjtjj BED 3 AFfi y~> j <(»*i; FBE j OAF 

j AD oi 1 ^^^ «ABF ajjI.j I—o»**l ^jirf*>-« BAF 

^o-<«*«J li ^-4 1 A 3 ^ J; J I yX,A f t^f f tA/«A,^45^i (J 5 JI ( ^ki j^ jilV «BF 

,,A*JU ^%j! j 3 


\°\ 



f i Aj ~ 3^^' lilj *Ajl| (_£ J IAj J l £<•>*$ 4 j !BE 3 A D 

OO j<* KIN ^ 3j.*.p <1)1 MN (j^* 

.00' j 

BN 3 AM <s 6 jjK“T AMNB ^*1-4 jW^ (j^jj) 
j! ,3.j& j^wj ij NO 7 j MO' OO <£j\j“° MN c?j* ji 
BNO 7 j AMO' ^lUS^^NBQ'j MAO' tsW&4 

iji^ ^»*ji>. MNO' (J-^^ a—S" ^■ u, ){j* (j' ,x -*ij» ^.pk^) aj ui 

j <j^ y> <m j 1 iSy [ 3 A MN ^ .61 JjU*® ^u.b Ajjij u <£jU~e 
j*p.> m OB j O A 3^*1 ^yy. 3 {£$ J a 5" ^jl&^!»Art-4 I c$U 

A^ij iXtS t—J ij jZ*m-q jitilj 1<£*>J Aj {j* 1 3J 

# J,Jjl^ i3jX^.^0 (^cjlJ.-0 jl^>- ojlj,A.4> ^,LUu vk>. Jp £,»\J jT ^ i**l cstjj 

ij Is t^*****.} # j«A m<mIj 4«*«1^ ^5""aS" ^ j I ^ ui 

JJU^Lj ^Jp l^jasl. jf 1 ,£jS pr**J ^jZ,£*A iS)^3 A <1)1 JH {^ Z ^' 3 ^ 

^3 j**h-4> J iS j^£ 3 iSj^3"^ ^^3 jl t-A'wi 

9 <3.3 J ^ S [£ J 1 ^-6 <-3.J ^ J ^3*"^ 3a^- 33 A#.*J 1 , j^-<w J i J U-^3 i^l*A&- 

ij fo** {${&&* L-J ^ L£j' 3 a 

^ S A.i^,A5 3*^ ^ i^> LJ 


L$3 £&?(&« ia^ 3^ it ji j,2>U \ 

aJ l>t*<^ a_j ^., 0 ^ 

liX^iaiL J j\ ^^KZji £ j . a £- 

i\~i t<Sj£i± 4 <Sj\j*'3 c?3j** 

J,la IA^<9 Al))tf ll l«i < J^kj.5 

aj^j! j a 5""^! o^l»« 4 jj!j j & Ij 
ji C 3 lj£X-u> f Ij ji ^jJ I # .i y 
jblsEii ^jl^l—J d*&,**»i ^jI^j 



£ j^fiK J ^gl2.Sta^ys<&i t *A *ir t J oAj^jS^lii ^ \p A^ At^BCl Aj j) 4 ^ J 

<s 3 ^"**’+ ABD ■tejl-0 o^«l o*wl |*j^ 4?sj I ,BC ^ j BA 

j,&) (S)\j* 3 BA ji 3^3 BID j BC ^ ^jl^.lftT.ABC 



fA**U Ajjij tf jk.fi jl ( A.,2LA:*. J& tj^Jjk* A-Jjl J jIXLo .BO 4 “‘jd 

t t. **-a m ! J+Vk*-Q SJ a X4u 

J j. jv . j® ^ .J 4 

la4*a«6 U 4 J I ^aAjftJ ^ ^ l^aAa$ i ^ ^ A ^ aA^HAa^ a^ ^ 4 ^ '"^" 4 t^jl^”^ Jfy 

. I & tX^M C J Im I 1 ^^r»9 ai I li la^aaxj l^ 1 ^Ja I J £ ^'n' Ut J^ J *A^ 4 CaS^SS*^ ^a ® aAa,^«a U 

Qij^ 

aS"^X.3j ijS^j*.*«j jSoi ia«»* ^-5 4 tJjl J* J ^ 2S " '“4 jd ^ z *~ 

?AA^U cjj !_*-■• (^) ?AX,£Lj ^*P (<_->) ?JJLaT £.1*1 S j La*’ 4jjl_^ A.J I _j A^e ( T ) 

.PjuJSL ^.UUx^U (a) 

4>3fj3 fjlja tslfca>fs .&r 

Ij^jj lA-A^va^^ k? g JI I ^ i^<tX^>> 1 j 

tsWUCs j~2-~ ■ (_^ l_ft Ajj'j s '^jIAajI« 9 Ajjlj ^j| AAeAaa mJ 3^ J ‘ ~**^"-* i •‘i > ft »- »■ ^.S” 

tsjy .■* 4>T ijliAj! J «Ai ^W^.« Aa>> l** fll^PsJai Aj A^ 1 J aAX a-AmA Ia,I j 

j ^ <Aj i 4 d"" & ^ *A»aa 5^ aLs-C^a, L&0jl5oi J.,9 ^ Jai ij i '-j 1 A<^ j 13 Aj_J S J 4^ kwA**4*A.i 

.3jl**.j ci>92 CajI-^j 4 oT oUj yt 

^IAX-if lAA.|jij 0j4j-i A^jT ..SjIAj IgjjlJ..« Aj^klAJ *SjS «jl-^I 

<K^z&fi |^j>J Aj 1 j |^./»^jij Ij A S' I 4—Ol.P ^ 1 .vjla4«l A*« aA^fc A a* J ^ 

j^.^) La-*" A^iTji j^& e^JJ^ I J 7T j\ 

•Aj l<Mf A_S" iupAtUI 1 XaAii (^) li«>& <Jf j| a^ I jA A«»S^ ■-’ J ^ A^-^JkaO Aj Ij I J (Svfc«T , j*^d ^d*^y ^ 

\ — N /t 1 '—H \ jb — ^/V - ^‘ ji^ji ^-4 0^ oT ui 3 ^>> OO 1 * U T 

aAjLi oT A_J iSj^- . C«*«i ^ aT w .j j C***l 0 ^«»♦ 

(2?d ^ * Caiwa) oT 

^61^ # aAjT^aO (a^aa-U'Aj /_^J I t^A I A^S^^a-' A«lAi& jji CAj lj CA^arf**J 

(^lAj^lj ,A>. i ^ AfoT Waaa-aa 1 J a^ . I^AMI l j*.A.nJ> a»aAiUl} ^JaS 1 j A& AaMlAnA^^ 

.j^jIAj j j ^*«Ajjls i A mi^XA o^l*« j,■..•.jt.i oT IsjcAjI j2> *S 

A a i?l A^AAA AT Ij i jtJi ^UAs^Ij j5sp ^j.** j! 

Ai J IjaJ ^ J I Aj ^^^a^ 7 « A & # iAaa«M^ ( ^ r a^ I a^ ^ I J& 0 I i^jT fi 

A f Aa^4 j\j* .C«ii-l«, J.i jl J ^j J Ij l)T <jl jZ) aU_^i?E^ fijlSC;} diaJ 

.i J$ i2i>. <£j$i (J- 9 *-* 4 t*djl&! j7.9$ I j 1^31 J.J 4 (jla«J 4 IftAsbljJ 



1 {^y^Ka*ji 4 i aS* ^UbT 1.$ <j ^S ! 

Ajjlj db f<X*«b dl>.j,S b <jfj^j ibsi. ajbyt b jkUx»o ..AAilk-e ljlj,S ^UJ.*-!J 

di.J Mj dJb ^kUj t{ jS*xi J 4 £,m>\ oT (£jl J-Z Xijlj *—S" ^jb 3 js»J j^xXa d^ls. 

^b>*j1 b 1 j Ja^ojL j& <iS ^jl_i |y ta A. 3 «ota» (jjl&Ajjlj J l^.lai.6jb (Jbut 

0jb (^j^b -A».l J j ^>3 ^ I ^,.r-**^ ^jj|dj g ^1? Aj 

t y Ia« b lj i 7l/f uT iSj\y **jlj J Iaa^> 1 I ^ 

#1^ (Aaifc! ^ i j^£2*i £,*,+,&* ^1 ^ 

^ j ^ ^ I j A$ ^r^-TpVr * IaJ 

ejb J-L2 ^j}i b J ^ ^ ^aS^*^aa^J jT u aS* IjJj JbaL sjb 

!j C^»9 >Xmi j^-aaI( j&9 '^K&£' a JvXjT ^Vi^s j £ # ,£>j^-jS^-.-Q db^S^^Jjlj Ja»fc 

c£l j! *>* dS £y Jalj,^. (JJIajjIj b j\s>\X7.a IjIj^ .AaJj dl5vjJ AjjIj jl l? 

' \ <5jA U jljju 6l 


4a«*>I 3 ^gl^ka . ^ ^ 

[j/*** ^^ 3^Ib {£ t^.^.l^.»o jS ^M4wA >10j j^i t£j.Aj 1 

c^b jl^o I (j£ j I jS* Ai bi 

° A R C >x*J} 

Q ,-b-b oT a^jU -A.J jl j jA j C j ^jjl^Jlp-Jli 
J fJL 3 \ b lj B J A j iS^o jUil 

ao ^ b C j B j A c5j j->j j csUajUii 

(^ t ij~> <ij n(c)j 11(b) j 11(a) oU,; c j b j a b 

A:i^r (£j\y ^J*f j ^5"^ij i'jjljX Uj (^l^xll^ ,^. s jLj^ y j ft j a b 

x~<t>\^ ri(m) ji ojL*. ix j 11(1) j! ojL£. \ (^V }(J a m j-1 ^ 

• l+s&^AO^t fi r <\ f <y r (j8'<CL f cSb^Ujbfj jx ‘X ‘ytft ( 0i cjA & ^ 

«f T& r ( Y 1 c < b' <&' b lj 1^.1 T b jkl AA^O l^.X91-6«-9 «Aj I eX> !>■ «^<a,ib 

.**jis dij b c-«! H(a / ) j H(a) *j\tA 3 

&A£ «3b c yj J jll ^.Jjlj (i_a^>l>>s4 jl jii 

J SA9 a5" ( j7 .Ca2^-1*« OI y^- 4 * jfSL>B,*A (£^pal Ai lj (jT iAAm b 
I ^MttXXfis dS i^**l OU.& ^?l_5 J^ J Ci***l c^Ia* <(J^**«I Ja»«. ji «n,Ja5J iiij jl 

t**'’****^ C J jlA ^(^t&ajlAil b {(^l&ojldil 

.sA^ib a^lak ■Aj b <A.J jj I j 

m 




jl<$^ ^14 (^ ° ABC pjL .5 oli.* j& j I j£, b 
c (5j^*« KL 3 ^«4 K *2jL 6T *S <^.j jU^na \ (J'^-^) KLMN 
^b*£y 4 «Aj (^3^"^ uik Aj JaAl (jl 3^^'* &****&& lj 3 j^”* I t tX £b J)l 1 ^ 3 T ,M 3 

c9.$L<.« LIVI 3 c LIC o^ j^ ^ i"*- j ^**i3' 4 KLM /4j^j *“4 c^-«*?Ei a$~ 
ji Iv. jl !j KN $3*£- el$oT <0j—C jVl i J LIVI j —J IVIjN 3 3A.& {AA^b 1x1 

KN br j +*iS J! .^j±» j.s c 4 3 JVI j* aj *jJ MN 

I I , *^*f ^ks J^ i J 

J.^ ^jj) ^ks **o I J KN 0 * 3 $ 

3 X »*A >«5 Cj L.J ! 'p ^ C.U *»**•■ 9 3^1 A S' 

KL Ij I cSjL- 4 MP 

I csjl <u><4 ^P |4^| L Aj 3 L 3 

&.\.*p Is b j\s Us*» iSi^y ^jU 
2 -^j ‘~ > jiji^ j~* .c*"! m r 

*>' J c - *-r UJ i ds>j-a ' jU PMN 

ABC j PMN ijji J^J I Is i_".»l*^> J^'r .•' *—: ,C*-m-1 A*jU LMN j 

A lj CA**> L*L* NPM 4 j!j j b 3 a 4 j* 4 >* <-^ y\ PN 3 NM 

tSjl *h*A kn ^ ^ CfAMlJ lj j3 jl #J^*J 

b isji -t«-t KQ aS^ <j£j jkj ^ 2 a>J5 .sIa;u I QU-K J>ji IjNK/l .>vii * do.Mll J 

PQ A— ^ ^ ji J ^ J } iS J ^ 3-4 MP b “^3** ® KLC^ ji Q J ■ ^iS “* 3 ^^ 

(9 Ij 3 ! 3^ 3 (^ 3{■<***$ Jsll^ J_y ^wjjlj a 5 ^ ^_)T ,j[ Ij 

, o« l < b 

4 L$ ^ 3 ^ jr^ ^ Ls Ca1a-« c I j &*X3i la» (j£ l_ A> APiiJUi 

( 3 ^^ j*’“■4 ^4 u ^c *b ^ 3 . L’ 3 ’*^ 

oC* uly^ m' <1 ‘C ifi <a csLt* 4 (b\ J^«) KLMN 

• <~~*y (£(^c tM y ofc.1 4 ^^3^3 ^^ 0^41 4 ^^3^3 ^ 

(j^\ | t^Mi\ o-X-^j o^L ol^ (3*^3 tSml jA C* 9 ^ b <AjL a<X«i ! 3^ 

L^**b(AA4»k ^ UTi ^ s s ^a\ 1 3 t —k k-a ^jj \ aS^ 3*'^ , 3 «3 ' ”^"C 1 [J»3 ^b i 3 ^ 

^j3- dbit jS Ij <54s*L> ji^ j ^j!_)Jlp,'U XJUi j^Laj IJ 

««aA (J43 ^b ^.js 4 >! 3"** 

c> ^ b c £ Uj J (jJ t is oii -0 ^3^3 j , s , 5' s ’^^ ^-5^j jk^ !«,& 

nr 




(\) n (\ (C <b <a 

HQ *1 <C (f$ *3. iS ^ ^ ^ {jt? 

oL* j3 Ij 4j^L.o S^lsh. Ajjij *&! b Coi.U« pA ^* 1.3 jl&». O"''^ 

V j ,uS»-M(i lii^i &S <k&i U.Aj j{ j ^-*}h<p\ b j*) j -XA-Aib 

b c*«I A*j I 3 JI ^■bS i$ j*Jrl*-4**"« 3 <C *1 ( f$ ( IB (J?‘3^ ^ 

(t) a ; <7 <1 <b <m' 

J 1^,^. A?GjS>S»' ij S I J^rj l? V^aI., 0,.4 (C l l ^ 

^*^■3 j dPj5" .C^ *3 *1 <|Ut/ f l) (*£^3^ 4 *^J 

13 ^ ^ o^***aj I <*.j 13 J 5 j^>J b CulX-a As 

(r) j8' <\ <a' <m ; <c' 

<jj i b jl^>- 4.J JI 33 =ij-^ J JUiLfc J *b 

(f) ju <a' <b' <c' <1' 

is ^Ai^£aJ L^1ai4 ^ ^aJ ^ ^ ^*AAi A^SAAi 

(6) 7 <j8 ; <m <1' <a 

®"^AX<swJ 6 J) .i JP wkjtXl*^*AJ ^ ^i*-*^-*-* iA*3 AxSrS *Aj b .5**! 

.AJLwlj £jj! J l 4^ CU*s( Jb ajjl^JS^U oii-« t£jj 

Ays*(( J I ^**AM J^S Aj J^l3 A*V tA&j^Sh* ^v3 lj Aa3 

!j j\ a^ixXi<j| b , J^Sb IjtaL {il,*.^ j|! Aj t&J 

(J^ J* ji ^ *A^b J •Zjr* (3^ |^2& 1 ^s»- <J ^'S 1 4& 

t ^2if Vb jji aS” ^jI^LJ^ XJl^, 1 « o^_/^UI b !x^l 

jbf j.s fj m <1 <c iW i%! iS'^tj-*- 

Ax3 # Aa4*1 J ^T ^ J 

j ^ LaAA^ 4.)^'^'^ ij lj 

<Ki uI^S' < ‘J l^K^-OJ«5 

9 t'Xejv li 0 ^ Jmjb (J ^ ^ 3 ** ^ J ^ ^ l*® 

<ji *\ ( Q ib ^3 c^Li,« jl /! JU. 

<A»ss«*>ji_^ ^ ^“*1 <3 ^ ^ j** 

i* u J 3t 4,5" CX**4> I b ^isiXXva A, 5" }j j jS>» ^-XJ J 1^» J J jl j3J*Aj 

oT b jiU l aa^ OT c£^ J ^ (j^^s 

Uf 



of J^* 



1 J $ JI^3 I 3 Q, Ai Jji-ta # CU*«1 a-AJi ^J.>»!iS ji 

^U;u b' AfjT JJj aj < *jS^ jiy m' b (5 ^ ** j f^l b' 4 jklx* a' 
cJj»- X t£i*>Ai j • 1 4 I jh Iaa.® C Oj^ t ** J2^{£* )\j\ o>. c tsV** - m 4 c^a+* ! 

rn j ^j^j ^j , a jl^9 y uSj*> n 4^^*iflj j f^ 4 jLL*.* J a5T !j ^(X 

o^Ixaaa! 4 ♦ " 3 ^ < 7 ( ol d * rn * b c^ljp^*! 4 <^J^''-& ^*0 ,c 4- t -“* , **l ^ 1 ? !.«.«#« 

ojj*- 4 f j ^ tJjj>> a— 5* ^ j_^ jJ |®J^ ,t *' ijk*a Ai ^j,^«<*u J 1 

p S fci Aalil Ij j&Xjil J iliAi Ij (J-sLIj jkliX.* iSj jP* J j^J J l«i A“*aO \ J ^jlaL 

l &<k\ jAZ ukl Uta 0$.2k» ji Ij ^UJi uJ j3*. j& Ai £**** l oT ci j ^d^ 

Uj ^3\ o<1a4 j! O^ tiAj djl*Ai! 

\fr‘J h &*"* p&H J Jjl jj 


^1 4 l^^liiW IhiW 4 (J? j ^ ^JT 4 ' ^ j aAJ 

M ^ ji a—$" 4 jlJfj j t-ijjo« ^^IjT 

<jT jjl?c^ i^'Sji I VliA &L&. (jl J.l£. Ai IJ Uc^a. jl dlj jib aJi J 

^A?ij im*hw ^ (^1 i »4 Ij j I j 

^iLa fi.j>. jl Aj Ij £.Us> g.Zi jl dL { A2**»i I _j A.J jl J,J I ^.j l„9 (jSl^Slla Xz£j jl 

ejU {«Xj jlSo I CJA*a Ji J ^ap^iLa uT Oj3» b A_.^ Ij ^k;>- aj 1 _j j JgiLJ jLj»-l 

J>llaJiM ju ^J.4 1 aw 9 (^l(&s.j,s»» jUfj^s A.S" Ij l^jasi, o j Ij ^.la ^l^.la.aL 

Jjj> Al 2 «,^j ^ |j ajl_J 1—4 jkti^a C^j^^ (^U^Jjlj J 

I „Joc-tAkI oT ^4 (J*^ Jl -* C^^^jl J L****ijZi J«4(jja?e^L« jjtac-e ^ 


Ji 


XjjI^JI^jU Vi i^*^ * ^ AmhJ -Sj-4 jr ji l«-a I Aj 

aS* «<9ii (_^IAkjtJ j! ^SCj^i ^jl^jiJ^^a JiA^” 3 

J JI [-^A ^ c***« I OtX-ui ojIa«I Ai ^a»m*aJ A—S^ aJ bw-o I .J^4 Al^b Ai J k-w | 

ail J Aj jl j oTjj ,J.i Ua ^,i.k J (jpUil^ Aijl J dli A$^ (^1 Aj jI^JI^jU ^*£h»1.4« L V^A-A4f I 


t *\*> 4A b 6>^iU/ 

al5CiT f-UJilj aJ^aili jUi bj Jjb a 5"J^ib (jJL (\ ^C ^b ^a el^* 

f^kus jn .^jb i^j a'<7 d «b <m' <5^i 4 csUjjI^JI^jU dk^Af^Jb^ 
^J^wl I® ji Cj1a*4 Ia« ^^J^^ ^T # IiviAI^ iiMt (,J I ^4 {3*^ 4 HI i A^^nni J i J ^ jji I 

(X 0^5^"^ ^"l £X r (^ibAijIj jl * CJ**.! j®^ba l^-xl aT Ijjj ijlJj 



jA 4 wa«J <jL*l Q 1 Ai.e j,La.o C*!^# ^X’P jA O tj*\ *C*4ol aAL* Q J 

aS^I ^34 |A ^ l^d J I Aj I A J A,3 ji 

*A.wli dAla. AjIj A.S jl J 

oo* r 

*r jl AS* 4s»-jJ , JbjL«j jji j \ Sal»- Ajjlj j3 -i lj ! j 4$Uj jljJl j*,Jli •A-'IA-* . \ 

Ja.J ji JjIj JviLi jZ.'S' A*J13 kfij _^i 4JlJ jJL J \ *-•J J-> 9^ A_S* 3 j tjT AjS AijSsa- 

• ^"* * 

UT (jT o ^ Lsa* ^ ^^j ^ ^ ^^***^1 | * V 

^ In**** i 0 6 |4*|J 4^1.3 {^£ L^*aXa 4? ^bp^sJ 

&\a* o 4 ^ 4 O^ Al j Lj ^^lufcw-X** 3 ^ 4 j!*j 4j_jL^hJ ^j^jS^La* * Y* 

,-LALj *4Aoi> £j j\j tjk-^Ajjij j iijlj j <LA$""' jl jSo 1 j jir ( j-^'<>-*> ..LAlj 

<_£3 j^lUU aT JL-S" IjLj (^Ukij IfjT J| ^Svj ,4j IiJ.A ^UUtJUilj Jas^ji . f 

4«U jZ? j}i *Aa L j £**»l dA-5 oU ^ •A.m^T* ^ ^U^Lj j \\aa J&**- 

m £*.$^$f* i^J i jJ ^a 0 jUa I L.^-oT 5 l&JJI j\ 1 

J ^ L—*i-« Aj J I J A*J^ ^“-Xa ^ J ^ ^« & 


J44b e>o4> ei(i 4S * ^**3 k^4S* j^-U .^f 

J >4 C^='"W> ^ 4,«^*»J tj wJ>iio4*« 8 4t I -S jjp'l ^^4 Jj 1 J A*d ^d.lrt'C ^%y,s» I** tfl I j A?eJ T I 

Auj y- AS^ oT Aj «£> A^iJ I ( l^a>M f J+V.~A A«4>»J*A S jlj«s5*»l 

4 Aiwb ^4j is jl 

Ajj . Ca-wJ (jl«il ^Ii> tX *4M Ij ,J ! ji { 4JT A« ^Sb Ij {|d^i*^0 Aj jl j JA / \ 

jp"| a^lsi lib Aj j) I j A_S tS I Aj ^ 1^31 is Cl^l^-4 aJIaua^ A««i AaJ Ajl^^ 

# Aiiili j»jkl.*^ 

- 4aA Aj # A*-*’*/ iSj {**"* 13 ^Ajjlj A3 j^aa3 ,^o (^J&j9 

Ia.* 3 ^ A^ I $3 is» l&Aj jl j j I ijj)A s^S i£***-> °X j-j-aJ 1 ^ .AA/ij ®A*y o A«*wS" l «—J^lli^ CaI-a^ 


# A-aa® l s4a< ^L^aJI 4 ^P V C-A'VAAmS Ji , ^ 

.^ ^ ^ \ Y i ^P Y o \j^ 4 ^ J3 1 —Jl.^- Aa\.s\\4 Am»AaJ 4 ^ , Oi , * , ^ , s , 3 I^^XaiA „ Y 




or 


O fJL ^ J jJL l —,} b ^ CZ*** 1 

^jr^ 1 p**J [*j'" u^b j^ b £^0^ j'"& °(&Y 

£-U*J J X dila. Ajjlj J*3 ^ j j»J”“ ^Jjlj 

<a N j a .Ja*- *jk j* *-i b 6Y tsj^ij 

Cj J C f 3 M> 3 (5 # tA*5 ”^,-0 


t^u^p' jl ,c«il «Ju£ ^ <X^ *c^ <b *a s j </x <X < c *b <a AjjI^JI^jU 

<.$! 4.Jjl^J! 1# <j£t$iib«e 3 ^s*. J *x£ <—jt?cjl l^iiyo ^jj| 3^a*j -ij IAXijf 

jPQR <shfe* 6 ^ •&’■ ‘X N ‘&\ <m/ <c/ j /?' <X <a' <m' <c' tsij^l k b 

X N j \ ^Uajj! j a^xj j i -A:a^sL i*# j.xj i( 5 f 1 tJ'^*"') PQ^Ry 

j-*j* k ijfi {3'J j-s ^ <Q^R v j QR ./*I r ^jb jly yj ^ aT Jj j 



lA«^ LjlJ ^ ^l ^ «3 ttaX*i*0 l S J 

jl^j ST j u^*4* I ^JLJI^Jl RSR, 

.PR^ ^ c«*l RSR n ajjIj 

* 6>*A.*«jT pp+tatjf i<ki (^A.9Bi fji\ 

fX-pX^J fJL 3 jl ajjIj a** ^\'+5*£‘{jf j* 

XjjIj b o^la. (J_31 t^lj J-3 3 b dJul <ota 


<5J j J X-j-X^ c£ jb*-* tj QPQ^ 

* J PQ^ 3 Hi' l-j 45 T .<*».•© b PQ jT £**l 
jFQ j t—&«*^A,jt f aX^zS* I iX#* m/ b ^ji 


Ajjjj <jT jL***] ^.LUj S j-i j**£- j^> yjl j?\ ij (1, j Q <hUJ PQ^ 

t jb ^ 9 ) QPQ^ ^.j ^ I j j ^ »Aj I oT P j! ^ (_^^jo.<4i£- a S'* ^asj Ij S 

b ^ib u^ .b 1 * 8 ^- 49 Q\S r 4 Iau *A& I ^.s*>. 1 J ( ^ I j 1 ^ ' . ii) ^ j 1 

J /\„ C<*mI fiA-w ^,a4A«^ 1^<j T qpq n *r I j ^ba.ijl j j (fi r 


^O^Lnll b I ( ^ J b-—4J «Af4« ^4 1.4W (5 J ij ^.S^ 


,^uS"Q^R^ j QR ^jjjI Ai ,^jb A^j'y^o I j &lb XeY o^ 

b iSjt, ijXya el^PtjjO 1^.J I Iji C) ^ AAifti \>\ pjU:ij J »&j jj j3 U aS” UjI U Ul 

(Jli*fcj&. j2 aS" !^J j el J j.blaL A.J ,^f C^j b I j l J.J LJ U .JtJ^.L Uz-«lj' 

j3 A$* ( Jg .a « . £jh,^ ^*‘Z;' >M »<—«*"I ^ ]K. ^ 3 C^i^. O J b^J j3^"^ 1^.1^.^ 

4-*^! t»-*J ta» A**! j I 4 _Lj j3 j t^*t> I ^SS ~j^-& b b ^ oY A««,J 


UY 



C+J\ l?ti pJjb t—^3lk^>Aj I j lja» CJ* *S oTj! Ji>~> 

Ij *I £ « f&S:}3^'» ji ^ 3 {^^^3 (S ^ A,)tlA} 0 jU 

<^+Mi I j tal t I 0 * 4 «lj oj I 3 A.& <Aj ji**^«o tj 1 aIzas Jaa- 3 ^ A3 'piljjk. 

(Jl 1.40 Iaaa-MiI mi ^ I JpA Aj 6 J I J ( *Aj J lj k»» 3. j 3 ^ W«« I '>**»;J 

. C*4*l A.Sm 3 j 

Ij Js»« ^S** L “.rt .^. 1 3 *A^ J I J •i W i Sh t-3-J ^<44*2*“^ ^^O.Ai 3“^ 

J,j J L«I j k». <ilj 1 li A.3a,iJ <ii.J 3 (J?~ b A,kii t£ii . 3.*m &(J I 3 J ^.a 

(j Jo S jjS* i J 3 1 C»3 Is*- j3 < j I C*-*-* I OjLp j^ 2 - 4 u ^3 ^44 j 01 3 ^ ^ J k . ^ . s_^j l»»ji 3 

<^3 J cJU» jJ f3 (j^3ji^ ^ki U £**.* C*£»> _p c£j'3^ J db ji ^k*. 

Jl dkyfe b aS^> ji '(jldij kii 3 <kd dta aS ^ol0J0J .j^v,-“* >k;J.j.j 3^£- 

uT ^ ( k». 3 ^ (jT Ai bjjJin -Xjjb (Sj^j 1 ’* 0^3 

,Jt3 jt AAi k»«- dlj ^.&A3 A.kjii 3^ C^J^3”® ffr^ 1 l| 

k-Adij k)aXi j*Sj (^fojji I *0a£J tiij 3 'Ak^J dlj U! 

ilij U i$y-* ( ^k:L 3 >kj 4 .S* I oT *Aij l*o a) t **•*0 J 3 ^ C^J U* . A.J J L,^aJ •M*>0 
( 3^3 <Akij A.S Cm*I 3 ^^-? ^A^X* 4 iS 3 j 3 ^« ♦ J ^ka»» ji ^ 3 «.f> 3 k». 

aS^" C*m! oT j» JA C*j ^s* J^ ^ j I ^j 9 ( W 0*'*«l I *Ak,ffli A^*^k^ 

^^,&33;I (j£ ^ki j fi^Xii*.j ^ks** 3^ jl l kj^1 wjj*t ^34* o«Aa^^'^3^ ^."*4!3^- 
jt\Xl&llj£ ^J.i^;L ^Jpliu.U <tS£++*\ Jaii 4 

# »A^ i^ii >4».«} ^2?6rf4*»o Js>» dij kA<U« I 3 j 1 ^a«^ ij ^l,]^ 1^>)T Ij 

<^1a«« 3| ^^! * >3^ (jljliw jjv? A.) ! ^^*.-<5 i^k&» 3JI djb p U CjJlk. 

^jljS*3*.j Oj3y? Aj kil tjT *Aj Ij JiAa^o ^klj ^34^^^ sJ'.O 

0^3 Ij 3 (jpU ^IftAkiJ ^j S j Akilj ^a *4 k,c Aj A?b tAtS 0 


J& 4.!*,>. J! oljj^ i?li> jl ^5 Cj J& 

^ ^ m) &>P%A*P ^ 3 1 Aa.^0 I J *) ^ *A*W ^ ^ l^l J 

^j2JU ^a.Aj Jfi>U) jl {j£>i j} j*Uft)l^ <jl 4^U^kiJ jl dii 




l&A.kj2.) a 

?i ^Au ^-4 j'®" w, J k»* ^-^.A;_8 
^ji\ 1.0 3 O'"! Ape A^ff ^+,lbj klij Aa.& 




0.&A 


di 


i ! J ^ 


J^Xib ol>k 


J} uX»A,y?U*. <*.— r i^jj L-k*? 3—J 

Ij ijT A»&A<y 2 iasl. j& A^J$ ^jl(jI 

£jl ^Lf ^k? 4.kxJ J.i j.5 

IJ ^A.&3 kid) ^±*lA.»& O cCi 
. ArtrS li 


ij(^^JSCxi) £-k^ 

oa jca °J3^' P .-kjlftl ^k.* jijUl 

£ Aam<M«& j«S ^ ^<9 Lfej A*>.& 0 A* _^’* lt, ^4*^ AaSjJAJ 3 ^Jjk 3j^®^ ^-k>A^l I k lx i A*,& 

3 lg>» k 1 a J ( kXAj^l^ t& A.]sLAi f 3 ^,<ui J k-*0 ^ 3^ ^ ^5**~ 

3 j!<i ^.*,&3 ^kju 3 A A*« J.X& k»>- j&> 03 ^ 3^ 

AX,*«*j^^,s {j} AutAXft k^k». ^,i La.j AXxS^^ks ^.ia.4i 3 A JX> 1 j <Jfik.« A 5"" ^.jl^k^* kxs 

A.w Aa4i ^J5 C t ^ * 3 ^ 3 ^*^ k t jsi» 3 A 3 ^Jk-o c3^3*^ A*«>i » 3"^ t^^ 

^jXpcZaj! aS^jL&^U.^ ^JJ'&'j} AkiJ Pi ( . JXaL IaX-* Q £ 2 ^ 3 £ 2 \ 0 ^ c^Wk^ 

^a.& 3 ^j! (J^lAkli ^.jla .1 c$'l^4 AilaJLS j«-“J fuuit eA ^f^k* I j <jT ks^ *f <Q^ J Oi^ 

lj 0 i 1 k»»&$* 

3 ^ J IaaAbWI ^ k J jij ( ( 3 ^ ^ iArt^k l^Ar^ i j 3 3 ^/ ^ ^ '0 1 . 3 « 

.<J>iS^^-« <jkkj ^Jjl Mi k:^ kll.^ ^kxj* 3 ^ l^T 

■A,** >Aa^: ^ ~* ^ ( 1^44 1 ^.«naJ 1 ^jlk^ L. al^-U .2 j i 

oT^j d.5"jU$o 3 J,i! Jo j5s¥ ^kxj Aj di>4.r (k^ 3 J 4 S^k **3 kij I j j 13> 3 *.j -Aj Ij 

*Ao^.9^^-9 \ j A*«AaA c Q la^&l ^ 1 Aj«ii aS^ Aa#^>««aJ 

AteaXI ji jT j I ! j A?tiT ^JLiiL-i 3 (3' 0 ^7 jl A^,j A 3 j 

O^ (3^k-* 3^»> A__j IA 4M iAvs A \^ tt y*MU Aj3?v>- A„5" AjU^^j 3 j»^ iS3 ,A jS\ > j J * 

\Ajf3 ^ 


, Y* 'P t-*<*>«<*5 ^\ 

jtjjULfj *r ^Ij Jl>»-* jfl _ j ^ 1^.11 ^ A-w-ii* ji (absolute) C-^j- ij 3 ^ ji ,y 


.fop 


uij j*s j^.to 


!j (S^AiJ*i £)*.*£> £/-«b* jJ~l J 1 * 0 t£l A^AAfc jA 




^.«Jj_J ■JJJ-'* cw C> 1 J" 

u u Xil: Ij Ai fU Aj £+1 it Ak^S S*3 j- fo&t 

jlIsI a^axa ji o^jIa Aj jlil jZ £>,si ASk^lJ j*j*y AXX„' ^jI jVjXifjj LI ♦ XU^fe 
J ^j.j j***) jA I ^ ,Al.i j'es*^ jk-* 4 ^ k«j £»3>\J& )i& k 6 ^ J** “kk ^ J 

■w « ij» a ..l* sx> jaS IajT s Aiil.e .a.1 A4*AAft> ,% i I O A$^ s <jl»i 0 \ti 


<jsi jt*'* J * (3- - ~- 

£*<»>. J AAj L»^-« jmXa.4 A) TJ Aij £Xika 4 .**AA& ^jjl jA A$" «jjk d j b jA 

I Aj ^^(SpCWj A$" ^kl?s.«' (JjlfcAj jl j Aj kj^iA^yai ^X-o ,<-lA^lA ^)iAA^ 

{A**l? j5oA * jJ lA^i jA kl?e^ A_Jjlj ( ® ^ jl^ ^*uX.l.9 I tSjl y*s k^k». 

!j A^<0>£ 3 A* ® J^T J.-8 jl A5^^ks»* J^ '(****M£i jtjJj.4 cjj''®" 

ji q* l„J A y£ A j^.C {jTjJ J« 5 > A„S" ^.iz.»m Jj 4 


, U**-U|1 


AA^o A3 &*kXl 1 „ |>o>.\ a 5”~^S" A Sj ® ji I A ^ 3 ,=> ” ^ ”* ^’“ , 

ajljjA i^*?bjAj i J A ^ 9 . Aj Ij ^.j j Ia AS" J^JO-(jF^ Se ^“ J ^ 

AlleA^ |A«j C?J^ £3“^ 3* (J--^ ■ j A j 2 jjAj A?cj;X) A„S J jXa«*«j 

* A*js.v9 

Ai i^.w i 1 Aja. ^^.*41^ ji Aj A^ &*,0j& 3 ^ ^^csJi^v 

l»ol f s„^**ti! ks» i Ai*A«& A^ ^^Sk* . b?" ^ ^'’^‘3^ i **~ j ** 

A^Aj^ J^^ifc 1» t-***^^ ^XrJ« ^4U Ij CA*« I aSCL cA**i J ki. A^AA&ji 

3 ^aI**t (J ?b £**v>i\j^l ^ 3~*' ^25’*"^ (^jf" u> ~ > j** “j iJ °A"^ 

A £ SCj uA s *51 J A^jT^ Ij ^jAscA® j^ 

kkj Aj^k) AaJ JJS (3"^ 4 w»**^ iA ^^iAa» ^J>X^u (3^ A™.S^ 

„I^a5*^«o A>jlJ Ij jkl aa4 




(SJjlJJ ^,-^'*’ s ^' a ^ ki^»^» a jJ k ji jl-^>- j^*l A ’i \ 

•V^i -3 i ■ J J- 5 ^3 -<K^>tL«4 (_ J C**-l U*^ 


4jL<*I uT Y* *P d*’*-*'*-® jJ /V/cJQoif ^ jl rvJ “2'! j*j 

Young j Veblen d.i£ j.j Projective Geometry fj$ aJ.^- ^x- 1^ J^i aj <— Ij ^ ^jla 
{Toronto) Coxeter az3 j-j Non _ Euclidean Geometry 4 — - j^J ^ \ A i G~^ J~ j .) 

.(\\?X 


^A«»Aa i»9 ! Vj Arf^kAX^ ^ Q 



. J-gZS" ^j ji L*.« ® j^l-i £* jlst f j^>jji.A aLaj jl , Y 

i^* 1 'j (j!j^ j* ^ I j ^s'^’ 3 j^* 6 ^■f !.-*-« , Y* 

Jj LS -^' a k^ -0* 45 isW* t>*l^ 

UjIj ^.<Ij j a^jLJ! jjl^_j^*j 6jj 1 j.*.aJ ji J»ls»«j *uj!j *F^ jlJtJ .ip 

a,-».jLJ jlix^ jjjl 4dlj ji-lis.* <^1 »jj \ji bl*®.* A^jl j jT l *S~ -A^-XlT" £ajIj , .A^Lj 

I ^,«<»A.jJL$I A^JJLJa j cXa**! 

^UfcAkaS ,&Y 

oL*. elF^& ySs\X.'i,» yC.VSt^.^a.S'.i Ij -ks»- ji c 5lj Q j P 4,kx} Ji 

iS3^"* u * je (j£bfc4,j_j| J (j I i_i^,Ja dij j ^ PQ Ja». a j Ij b J3& k* ksL j).i A^J-Ldsb a J..*2 *,iij 

, C**«l <£j5\i2 b jk-VljU Akxj jj I JI dh jte> 4 djjL*.j 
i jfjki j3 oJ L*> A** «Ajb jbUx,* (_C> bb A,kx? ^jl-eJx-e L^ 3 ^ 2 ** j»lds! ji 

t *kZ£ b ^.b lx.X.4 b U ( £-b l-flA-e { (J^ j ! 1 j(^j 1^9 (^.i | btxj l^k>» «aF I 

^)\^slj> -jl ^jb>Vli.A y^CjVj^A.bk.JLl 


dk Jax9 j (<k]s.ll dk t5j! jZj> JasL ji jl ^$k ji *il j Xkxj j& ^1 jl Aj ,\ ^a«s£ 

i jT b j\s> UX-o ^ 2 ^-j i , f^-kij 


ji el 2> (^l^kji) A. j i^Cjl « k»» J-Z (fop' B12 J A12 \jf j—9 

(j£1&jL*»,*a,> /! 4 i}^J B A jl «di^ib (jj cS 1 !B J 

6T oLil , dzzf c Oj-%- c^l^kx) X)j.£ ^ j BA 12 j AB 12 j * j 



of 

jl ,c*«l oU-T «a >\ji BO 3 AO ji C jl ^ CE 3 C-D ^,S° 

C ji ^ BO 3 AO dJ jaaa-,-8 ^ < ^«*^* a?c^j i 

4 *Alj j 4 j 1 j c? 3 1 j ^ 1 jij i3 ,^^a \ na A/^xi ij J 3 CE 

3 FG i-i^bjl GO ^IdX^l^i b < GO jA ij F «l 3^^ ^.kxl 

\v\ 





bbb* o'j' b ^jjT sjj BU 3 AS2 y. [) FH 
pe&if* 0jUl .bJjL^ (53L.1* cSU^jijFQ lij -b^i y FHj FG *& 

jO EH 3 DG 6Tj $y 6^lix*ul $ 33-4 ^ 

p**j CQ ji 'j PK a*** AS2 j-} ^»ij P *'_p=b Ik aI ji CQ j' yi j 

^^3 .d****^ P12 3 A y* 'j 1CN 3 KM JC j' 

o>&** 3 N 3 ' bxil BO y, ,(S j' 3 —^ ^i nXa-s i ^*!j,s 6 . p j* 3 ^ M 

ji 3 .**^ „ 1 *..' {\*P 3 Q Kjl 3 lj>»» MP iS 3 ! 3 NO ^-^kS (J? jljJ u-si bc,$ 

3 PQO cSbbAjjlj 3 Jo,il.A;ul dk y Q 3 K 3 P ^kai <kkZ b^bbb&o 

BO 3 AO t$j' 3 *«* k». 3 ^ bjbj’ J 3 ->e-o CO b^v 1 QPO 

jkb*,* *S J3T C~**dj k»- jA ji ( y^iji Q 03^ t£UkJs.> p,J '3^^ a j'3* ,fe y$ .C-^i 

^ <X3u b k». jl P b 3 ?r (j>i ^kxj b 

0*0^ 

i • 

j ^ 

BO J AO Jk>- j 2 J*" ^"O b ^ CO ks^ Ab A+**S ¥-<>J b 

Lj LJ d*b Aj (3*1" jl &S "*******1 L^J O^ ^ ¥*■***I 

I j CO £**k\ 0 &k.Ai tk ** 1 ' -A bij ^.r >A-«.J t-^ ABO 6 y J'"'* 

m jbx.»^£Jb>» jj—'*>- Aj ji J (jbj 1 ^^-s.j aC oT AOB Xj j; i j J ol y 


A^jj U dij j3 A_5*” Ja^. Aa« y K 3 Q 3 P ^k.A) &MI £ ify, ,t V»» 

A,** b bivb b»-*^ ^^^,3 -P b *«Va*) lj jk b*>4 3 At*.i^!i 3'^® 3 -^^m b i ^3'3^ 



bljj^ A Jai. <*wit ji ^$Cj R 3 Qj P ji db j& .f* 

FL i ( Ij < b jJs>b«^ 3 ^ J? b s jSi 3 < tri.-i-u l,i Aiy,*«b j i y hJ>^.j 3 ’ 3 ra ’® 




OjUj j j.?s-o 0^ (6V J*-) PQ Ji 

tsl&jf>* ojl Ja^j j-> QR *c*J QQ j PO (5^43 jl>* 

I Rfi i QO 

P *&.r c«i £q\S i {j ) ' ,> ^Jb.U j »L£lj c£jl J-* l-^T b c-4»- *^jU j*_j<,c 

Q j 

fc^* a,* i^V^b-sL si s^sVaa^ v v ^ J \.&i'i,^a,iii 

ia*,|^j}j^ I j ia**. ji O.**! AX**».s b ^.L lJc.Xv« (^l^ia.». kSlftA.i 2 .jaj A.s^ja.j 

tSlj J Jo Ij^eT^J b a lif Jo 3 jjj) jl Jo j,J^-* -^* O^'^-xb bJ tklzjilj I *S 

CJj L (5ji j^S,® JaaL J J j^.« j J A.^_S^ ij <_£! d-A’yA) 4«i IaX.® Ja»» Ji ^i?Ux«® 

J 1 l L j > i^pls.^. J 1 •Uf JVax^i , jjbi oUl 

v^V^WaL >i j^bVuIa ^.CjV&A.ieJi.i 

Sjbj^ A.r (CjlAg^ai Am, OUl <J> 1^ a«AX$|^aL 

^ * ^B*S l, 't*V l ^ cA^ 1 ^ J |^4ltf 1 ii ( i> Cp ^ I ^«Sy& _9 ^ IaA»6 

f j®$ j*'** > ’^ ^£&*£• ^Xjej {£> «Libi ^ _tJ j,a^^ I udlb ^Ja.^ 

^ jfy Y Aa<^s*£ .J®* ^ AA ** i 4X^*5^®* 

<jUj l^L^l^* 3 I^£A1> ^glgAAPua .^4 

dijAiSb (5-U (^UialJ ^*olj dlTia^n^j 4.^^ dlj ji ^U*i iasi j& iSjJji ^j*> 

^ ^ J Jwj i J ^}T Ia^ ^ jIaA>»| ^.j QmJL$ 

^j^bXiA (J^b« ij ,Aij!^j1jS dL ji Llij jjj! 

I a!c2^> fj ****i J ^ C+*Mi 1^ ta-fcu Ja>« tdlj (j>^91 ^ IftA,lajij 

Ol/Ij Cpl^jb J Q\jf>^j-Q OT ji “tS 6 J l) t»J!4 jUJ ^%J I 

*k oT jl <£jj uT ji b>=Aj| .Xi ojLi! uTaj 
c5W^^ ji J cS^j- ?ei^9 A_j ^A-R-e O jJb ji (Jlixj j i$\ji I (5b^U Xt ^■Ut J *r 

1^.jT^ 1 jrisUX-e Islij AS" I ^ ^jjl ."ijZ Jkjb {£j& ^ ^-1 _ -*<** 

X *Aj Ji I £ ^ i jb 

(S bjlz*. j! ^) A£aO ji J&\*1 j* IsIas (J^® A^jila^Ai { j^ 





(Jjj.i (jj>* 4 A*ib ^*.&3 Ak-fli di.J ^jit*u\J ^5"(_£l A*.*«,i^*.AJ 

C**«b Jai. dlj ji As- ^jj| 4,kjij 4,** ^,a& y A 5 ,*a9 <3?^*J* A$* t^J *C*-«*Ai C*«*> j ksL 

i^AijS-i b (J I i^a&Iaa 2 A?SjAi jA 4_jT iJ j*A> O^ 9 ■ *di jlAj j 1^9 

i*ji 1 i A.3 b I A o^o i A b ^ 3 ^ 3 ** A^Jx ^ 3 _j< J ils,^ I usa^ i ®3»^ 


^glad* I j <jT t-S^j j,J ^ £***»\ <J~> I o CS"^ ^ )3^ (js A ' t ' N ' a 

/ jA 4i ^&l^3 1 3^‘{£ J> \&)^&aJ»lj \^£.\s-^a ! J 3 *'® (^ i^Js.a* A»,jm3\£ l.g.ks’S.a.A) * p,A,«U 

» (*$*${J* <-£“^** ^jtPsX.i (J^*" (j^ (j*“ A 3 



Aju*b Q ; j Q obtAfcjAA«.f j^r^-o ^k3 P 7 Q ; 3 PQ iS^ jj> 
AZ-dl&l PQ J~) ^5i J kUJ j! ^Uit j*.?e-e ij . ,.J D J C 3 B J A .(&A <j£“) 
^^Ia.vw 0^^^ ^ L"»J ^*1 Al 2 .ll p'Q' ji e «,U;S" p,*«j ^j j.r'^.^ l$.i!jj aT ! j !.$.£• 

b A^B / 3 ajJUa QAB i 5 3fj fi'A'B' a^jI j «i&T .a^sXj b uT 
A'B'Q' 3 ABQ ^i*i 4 j 3 ij a,..^ o**i ^*p\3 ^3*“ B^Q^ 3^ . aa^" Ia». AB 

3 B' 4 AAj jt-t*.A^ j,*) B^A/£2^ 3 A B O 4j_eij A&t*+) _)3 3 Ai^il^j 

...3 D 3 C' c^UaLa} «uta! ^3 ^ t ^Ai I j j^T <jj> ,P^Q^ cSA^ jj 
jiJji . *«3 C'D' 3 B'C/ cS 1 ^y3 aT c5j3^j ^ 6b\.^ b 

ii c^U< 54 _r ^jU^jjij ^ s i 3 ,„3 CD 3 BC cSL&^jj b AxdU 


b b I^A^SaZj ♦ Aa^3 ^■'<^'*’’9 Ai J A; _^3a j 1^.jT b'' - " 1 ' J 1 ^ aS^"^) l^.£- 

f 4 aS^ ^ ^3 ^>k kj (J^ A^ ^ *^3 ^A^~ s ^^ aS^" ^3*^ 


• 4 J.J horocjcle ^ \.a) b <A' 

j1»- i.^a\ CoW & tHeath <^jIaS”" ji Ajj.>- SjI_j^^ ^.j 1^31^: 

.rrA-r rv ^ 



Is** jl^(J? lLLj jl ^ J"® ^^a^sa-g 3^J^ 3*^ 

,c*mI Hi^eJl dlj < 5 ! jli jiU XJ A*.&J,i (^Aj^^A^eA-A A^ ^JjL^ j^jcjl^ijU {ji IL }j ^£5^1 

f ^>A^«.^*3 ea^ _J-^ aJT ^ ^m^“S”***^3^v J^ jr*^ 3 

^ C Jj l.«t >^«0 tjG \.^M)^,B ^ iAa J JJ Irfjun-O t$4-y ts'jl - 5 (5j^~--»tsi*yj ‘is-^ (_$-*"•« A: tsjjji'i 

AD lA*i) i*Q 1<^».64J J^.9 J 1 l^CrtaJ I A,I*,J\J ( • J ^ (S^ jb 

j3u Ij a 5* jl i£Jljaj v£J.j jf\p U,j ^l*4»lc>lij ^j<*j a^S^ ! (^^/\ J&S) ^IB^ j 

j+^ Jjij* 3 3 c 5>3 ^<***>*U (J? Ifc j.j j iS .3 ^'*'■'•’* ^ L? 0 -^* d 3 *>^£' • <»»**» I j J jP j$ 

* j3« lO 9 o><«! ^i**..* 

\«> !j A®* Aj! fcw^Aii 1 ^ 

Akxj A.^ a!T l^i j AjS"^ kf Akxj j I ^>m>aJ 
c l^" „ AAX.«*£j ^A?6rt*^ wlj 

j Alf ^.ks Akxj db ! j (S^z* ^kA. 

j.5^jji Akxj <£L j2 ij L# j.^.£. a^LJ 

kA. Aki AaA^* tAi-s *A^«k A&i ^uk? ^<s) 

(^1 Akx> jA ■ j PQ c5- )v3 ' (m j£~) AC 
*“k"^ rs.-«J 1 j BjQ fAx£ t J,xf^zi B Oj>^ 



^2+,* \v+***0 ww r Ls** 3 ^ _) ^ 

^5jlJ.J Aj^ij ^X?j Ij of Ij 


J£* 


BD j* Ojj.^ jjjl ,c*»*U ol oj,^; 

k»»Af *»-j»«sS^ ^ »A&I•Ash ^3 B £3"** <£j‘t\n>*i& ^jJ i j} i^j 3 *^ i^S3 ^•** , “* 

•xAjf^ji B iS3***i D ^j}i DBO .-^ £)Ijj* B BD 

^*^e*'* {j* 1 Ia.»a ji j^j«Aj 9 ^^ ij^ ^J^jkx.4 oT^J ^^3i A^j U Aj ^ I j ^ A5^ 3 3 

J 1<s£» Ai t I Jah^ a] 2.J2.) obi jU c. [#.£ ji a]o1\ j& j2 (_^A>. 
# | ^ 

A^*ii^jj ^ J"^®' tS^fi’***'® AAj 0>m! ^JskyO 3 AA^T^-o ^•■^ 2 ' 9 A*.J 19 aj^jI j AJ Ij 2> j^aL. ^ ifts j^JtkO 

{£ (««3 jk Aj u-»«I ^ ^kn I j i _y , Aa>w«15sj! l^.P’ ljt.il 

, V j*X^ Ij ( jfe" 

1 3 ji «kj>~ A$^ J I Aj ^ j*^''^ O k Ij 

|s%«-o J ii Akxj Aj* J # AaS^^x ^ J 3 oT 3 •«—^■“ , ^ p 1 ^AssA^j l 


<$> J k, 
<5^ ^ 


• fiJ j - l$* J(_S^”'*'k‘* 9 "" ^cS*j"’ “*kJ k -"^ ,5 L 5*J ki^ J jjl . \ 


^ Yd 



j $ J* ^*3 61 y b y* ^ 6^ jl *0^».<® ^£2?E.fA<r$ Ij Ot 

.^jjT c+**Ai !j (jZj&is LUJ 

(60^ 

^ *4 J Jl»\S"^O* jj * ^1 

. J.JJ J^-* J^S*jJ *jAz <J,\Jjj J&dz-J- ds.*- f.-'J (^b-i . v 

jSC ■Ajlj a>~ <S’* > ~ j^-^**^** j*-**j b^ 

,4^JijL# a«* 4 ^ jlj A^* *\*.■**$’ u^JI j * Y* 

jt lil,.* v£ij ^ i ^*« jS Sz** j A; ^ j*# jj> ^y*** ^ £-*J Ij . f 

*f \^p* m » ^SCji j L«fej ^okj c w«. j , S^ l _ j ^ j^,j j l»“j ^ >\^>" ^ j I 

jl >1 j^j 

n <o 1 j Am* AB ^-s Pn — ^ 4 * * * * Pr * P y 4 P^ aLxj oI?* # & 

^**^a*** 1 A'B' «A*Ixj ^jj 1 aj c i&j #■ _j^* 

fij*? n *™i U A'B' J*UJ ^j! *1&T 4 JiiT Pn f 4 ,,, 4 P r ' 4 P^ f 4 P N f jj> I j <^j«,r 'j* ^ 

4 *^ J ^ J ^ (ttfAtAKMkJ ^ji UAi^^* 

6 j}<+& p iaa*» . ji j iU,j!fl4^ oli AU -J (J-^* ^.~»mi..» <iJb jl A ^izAJ 4 V 

£-la3 I j ^.k»- p boT ji ^ ij ^l*Lij ji . JU.wl ^ J"* AQ ji 

ABC AjjI jJl^jU t^ii^ J^lj C-Jjlla^ Jslxijl c ^SCj ^ O (J^^) B &LS"j® - .Jjjl—^ 

L (J J4«J ti-j^-* j j b 

Ij j f jjl^w i jsf j . a*.jl5^ 

dlj ij^jtjx (\ (Q fb ^a t^b-r^ 

4^b^' ^--J b L 5-bt-' a ^ j^-tt 

CD .4iT ( Q r (%' <bju<b 

P U^- a ; p b 

A XJaii Ji AE D jl Ij DE 

DU j BQ , ^jj> ^-j 

jf^l ^s’S C-jLj J *A-.l5" jV>-j Ij 



j ^LiXj t Max Simon Zl2 >j -j ; Nichteulrfidische Geometrie in Elementarer Behandhmg 4 ) 

. (l \ Y & ( ‘(j?^ji J ‘^J*i^O ^* F^ a dt aI^jj j^i^jiJ 


M9 



. AE l j i£j 5io!.s aIjul.1 ^j l-*** j$ a 5" _j ^ ^ y~^ 

y. ^L.j •a*** • ^ IwIjI^ a!sxj d 1 h^^^ , /\ 

ij jt$^ (j*r+& • (j- 1 aLaj c£j^_j'* Jjjt ji ^I-*-* -i^>- A.S^^j^IaJ 

•‘^•~-».S\ = ) *jjl-A (^IjJ 

^■A.s>o.X»a jj ^.j L*.* jT j! ijIJ A.S"" 4 ^Lj A£i>/*.j I y Ol“**^° <^$'***^J^“ A Aia.il j c t ^jA . ^ 

lj POi P tj ji-* Ajaij - ^^iV^.L&\) . &y<S 1-l.j Ij j*.^^jj ,_Pjj 4 ? -iS^ ^-A>- 

jJ-A**- jJ ^.iaS Q 0_J^“ c£ I A,JaAj jA Ij <^A>- ^*»s»b.*.» Jas— jjl > 

“ JV* ^£*A>- L^ojT ji A$”" Ij S J ^ JaUij V ,jJ J*J jl L.4JL.**' Lj 4 L^J T \j Q 

V j U xyS y> y 'X^iS* fey j -aaS" ^ ^zl \j ^U-* P y j^-»j y>j y* &**- (jr^ 1 -* 

PV j PU ^3.1 \j y>Jy* igj ,*-$12 J R12 Lf»j^ *S"*Ai£U ^Iaj 

* «A j.J ^-lia-* 

f_J a,S** JuliT C*j 1* 2j.t Ja l >aj> ^J'^ SB “ y»*x* ji jLf>» /I . ^ ® 

# £*A3*- Ij CU** 1 J (_^_jL— tjT^j La<» aj jl j 


i. | ^ Iwij 1^ 3 Ij^AA^aAs^ J ^ 3 

j! ^! 4,£.te.J ji jfi?U^.« ^_£ l& <A,]aaj 4,£> jj,o.S*b.« **•; Ij "> J^J 

•KZ.j^ ‘XZ.^.tnZ dij ji ^.5! j jlsl (S<£\ji ^cSl^-Jjlaj (SJJ jl • j*3-4^'°^: 6 ^l*^ 

1 J jl O J 3 ^rO.^ 1 fC l& i? *A.S^ kJ^A-ta I IaA^JJ. 3 (J I Lrt<>4*i 0»X*5 

I XIajlI Ja>. ^kli iLsr^ I J ^ *Aj J l l is^* (jJ I J —' J ^ “ I 

o <XZ.£ IaJ .l?-w 9 ^ ^>»&a>.ift I J L?“ ^ 4 Wa«”'*^l p" ljA*aa> ! J 

(^‘l^lisL „!j Ua-« ia-d. jl oT **.12.^1 j& Al^>U J ^Ail^ca.^-e VU* lo.:L Ij £)T 

Ai 1 *,^&s I j I ! J ad^-c Ij <4,i.<yj? li,*.A>^X?i:i^ ^Vsb^^&e* Ij \^C.V#.i^ Ij 

^■Sh.l-s*i^fc ! S~XaS ^Jk.js^***J ^>,^». Ia^_ 5 li' jl AX>^l^4>A ^aSSa-G ji ♦ ^jT y2> y& 


l^laji- (j; jl y i.A AAfJiJLA jA „<^«*'l {jij^ aS^C*^I s-A^ p.** J (jl-X>- D^2 ^ & >- 1>»A.J I jS . ^ 

^w»J L>uk*a aWj I _J ^jikj Uj aS^”IhaJ 1? L*a I Aaa.«*A T I ^ Aj 

W-Aaa S Laa t L^aJ*T ^J ^ I ^«-a.-^A-a J l^a*5 J i.J L<^%J T 

(jijl^J ^z.>x.l.a dj j Aj I j i^j t A r 


jj-a l-j). J J.—.df” i y ^jad^Xjl Ah' jJ y t —k*a I 1^1^*! -A*« 0^!^ <_jT 7* j±* iS“ a f 

jl ^_> Jjjl <Z*£j** , ^ \ Y _^-*« j —J AiajU dl^ jl 

£ j* ^ f* J 6 ^l c?Jl> JkA^ I j I aS"* i2»** 1 J IJ J J J d-~aO I j 

, «J,Ai^*J _j 1 Ij i j l*-Z.P I j Lj Jl^ij j f£ 1 J.lajiJ 


N Y V 



^ ^ I ^>4 1 J I ^ ^ ^p**Ar4 I l^A*^ kaL ci^k dli jX 

i_^ J 1 3 ’“''^ lT-.zj.I J .k». L*b-fla» dii AL^L.A^.fe PtX^ ^.wAjsLsI A** A.i& J 3 t 

SoXajI^^ AXXJj j l^o ^*>3 *» I aS^^jL^j 1 Ai <^**m ^i 1 ^«wj j j Li 

X‘iT^ a^ i J 

l^ij I ^ ^ JlA/niiM^) >44*^1 *•'&!& ^ j Ia^ ( u ^ i& 1? b &,l+»f& i.A^.&l ^ 1 ^.|JA?Ca^ 

^^bJU j$ # 0^1 U*sj! dL <^1 jb ^ Js>Iaj A*.A; jX aL^ Ia*.& e A: (Aj j I Aj (_£jl.*AX« 

Ad Ij J&' Jji Aiysls 3 { Ai j b O^L-adc ^L&lXscii Aidli AXXib Oj_J IaX-« ^IaAI^Ls a!T 

„ 0**u I 3 IS" LXa.C kid td»^-3*> jA Ai*i? l,4,«*& ^X>eX^ ,d"«! jZji,y,i lx»ci ! 
4SUy j 0 L#***?^ ■ a!,^? 1 *$ak& j a Li ( aI*^? 

^ jt £»lj (S l^k a i AifcuJ ^j l& ji j} j j^lii-'^i A».S^t«IA*ji I jis^T 4 ^ & *A^ j 1 C^«3 ^**** Apj ® 

Sj lJ£ 

1 ^. I # fcA^S^ ^^j -23 <^vd 2 **^ J , 3 *^ ^1 ^*s^ 4 AAi ^ J) Jj ipflr 4 *Ai L«»*A 41 ^ 

^j4 ^il2i-^i ^ b J«i IJ IJ ^^in?£a*0 ^aa^« 

^lx<W^J ^a?Ea* 4 I Ii^mI Jj£;Sn» ^*A-M#Li| ^ J l^*< ^)T ^Iaa»^ Ij Ij i ^ I J$ *f 

I ^ ^<Ok&* Ol ^ J ^A?Sa <4 ! J|j J i l^ij AL.X^ 

^ 1$ I 3 

!j jtj 01 -5 ^1**2 Ai^lji^ j) (Sj^3 ^2"**3 j—>l ^3**^ 

A** Af ^,£93 fAi jL**^.« I j (jT Ai>p ^£?e£,o ^i ! 3 Ala ■Ai ^(W ^ lArt r ur* I—«va.i 

^ L,*# I ^ A J^La) ^t<*»*•• i ^? i '*^ Lj 1 ^ ^ A^-i-uLi $ A^-y dJ^l^ ^1 Aj^Xi 

dli j} j+'C- A la. jo.} A^.u a!T ^.j j L^LJ j\s L>- A9^)\.ft t—-»>■) L*. ^£3^3^ 

dij A) ciJli*« C?L^,*j(lj A_S" J /A)j!a j) j—9 Ojl^^e a 1^1 a 4.& ^i3ejU« A** A^-j^A JaaL 
Coli* D^*s 4 A*^r(J"A> J j^iA$Ci Ai jj | (^l^lz-Mij AS^^lad" A«. jl dLj^& jf AilAl^U 

(jT jJ f Aj j b j\j 9 ( A^ir psf Aj (b dli A*u aT ioA^S^ 

j*3^i^Ai Ojib ^jj! Adb ^^ibj^l Ij Li (t£$[& Akij dLj 3^^ AS" 

As* UL»Li ^ .^^3^ Ak^i A*« ^ is** ^ J) # ^3* Afe!3s* Al^U^fc li i t s Aj*. Li 

O^'JJJ ji pb ^I*y«Aj ^,*xS d3 jA Vt»i . IA A*a 13»* J t jS Ai^ 

^ 1 «h| d ^ i^J J A$** L,) ( Ai jA^ 3 ^0 L b. 1 Q 


Cjlj^ 

A^li a1*^jL i.*A>^Ap>tiA^>ii,A-L^dijdk^^AS'" iilaAijis ^ 

t*Ai j \j t L-^iT^j ^L.^,**L^>»L,j^i.*j 4 Ij j it'jZ^A <_k*«*j La«» k>* aJL;j.**3^ ax^* 


\ t A 



! C*4.LA j4 (£j\ ^5,.* JIj <~JJ J* A$""<J4a*I ^jLaAjjIj Jd-jl* ^Ca£j Ij (jlSjIajlj aJT 

jA B' j A' j 4 aJL^LJ,** ^J4>»A.-« A>-l.i <£ij jJ £.*lj A Ia.aj jA B j A 4,jA.S"Jj? jJ . Y 
^.Li tjL»^ Jaa- (Jljj ij BB' j AA^ A_S"" A4.4L.J oT ^SoA i^-lii jj £.slj aLaJ 

jjJ»l.j>* Ij Ij ABA'B' ja^-j jv*>»j Ij BA f j AB' . 44A.lT 

, A,^.i»a4.***J ^^»*A*«i^l A»>A JA 

;Ajjl*»J l^xi l>- J)jl jA Ij jJ^SsjA JaUlJ ,Ajla4.S «a!a <jgf A_Lual,4.*A ^4 p»4.« jJ> aUjIj A^ # If 

Aa*- Li i£jj *^AJ 4 As4 14 <-Jji t£ $ J aIsjIj jl ^t_j) £ A44l_J A>-t4 dlj t£jj aLzjIJ A** ) 

n Lj Ji 

^•4 JjA-* Sz^- A jj.j4 ^ La A La J , Aj i sA 4 ol A aJL^Iaj ll-j. Ja>- (J I aJL^cj La** ^L>%L.&j I . <p 

(1 J^^^ J “i Aj Ij kwM«l t**- Am> . Jj j 1 «j I j 

j**»j ^I aJL^Ia*A ^4»>*4> ^.j L*,* <jT jl ol j4j aT A4Ij (jl-4^- ^jlAlajij ^S"”l » fcs 

. A^&A (J L>mkJ Ij ^j alj CAj-^* 


(jP I aX^> Ijt^ aX>*^ liJ J Ja>~ ^4,3 ^ Af 4j ^j ^j I j ^^ , j ,- ^jJ A-L^/^j # ^ 

„Ajj jKC tJ jvy-* - jJ <jjljJ A441 j aA4 oaIa 
4,4 Ij aA 4 Jat»*.» a 1 ^»Ia^.A> A ;>-14 »iij jA /i *r j* iS“ l-> B v 

j!*-^ 1 j j^*^ . j^J-i l"J ( 4-'- < I t?J !*""• j-JJJ ^jU '4-A ; r 

?jb j ^.^.aj Aj Ij Aj jSs>- Ij A4.i L„ j aX^I^«.A ^4>»4a Aai-lJt -dJ.j <£JJ 

aJL^Ix** ^4>»4^ dlj ^1 ji Ail*A^ »a!a ft a kaa*^**^ /\ ^*J A„S^ I J ^ ! t^.ji.*J , A 

• A t*J i*m 1 ^ l 


^cI^apsaas 3 Ifeo j)j£ h JpUjI j£ iS^ ^aPcaas .p o 

(,f?^ J Ia A^i4 ^-» ^J*4^" Ij 

^ 3 j 0 J ^ J"^ j''”**'2^ ^ cS I j—■ 4 j l*« a1^1xa,a 

. 4A«5" ^.L> Ixj O J A A$" iAi^4AI 1m) JaaL J4 JSC£) m J 1 

J Aj£s* J jC-^l 1 c—I j *Jjla j4 <m jJ Ij A elji*h Xkai 

jA^»4j ,A.O ^ l*4a iXfSi^Sj,^ O L-SjJ®^J I , 4<.dS^j Ij ^\,0 ^lauS 

f l * 1 ^ O 4,jsJiJC^jl4 4j (j£4a>. <wij^^ j4 44^^i)4_J^y9l Aam^^ ^jp2>jC^j| 4.J A,S^ (6 ^j|4 J 

• 

oT (J>C>c j I j fi^jl4 (AaS^ i 4»5"J l<4** 4 I*Aa«^(I j4 A j^***^ j! 

.44 J?ij* ‘ib4j 4 j4,^j O j\ *5^4*. kl.J Aj «^Sh J v\i) ^44>^4 ^ 

m 


di»- j.S" 

V —' 






J ^ •XwAi ■i^<$.£* Jll Pi A,k-&& J «3 | J *A*J ^k». 4_$ qT /j®. 

* {J* OS {jpt aJ^Uj XI oT^U-o ^sb. 1 ^X?ci*j>Ai J 

3 *uf(J^iJ ^X^i!3o lx?jJ i J.^S\zS j»* C CA*» I J J! * i Ojl? A) |X A.5"^£3 j 

j *^ j , jp*«j^^ u?eii 3j^ jj^ Oxin ! t*i »^ 3 **{j* 1 ^ <S'^ a * Oj^^s 

4 l3*»-w I (J I_^I-4 A.J £*3 J 1 L.ijl> J.J 

i A J.,^ I A** ^*,>* n * C (_£-A>» 4 ®^jI A ; t^-v^->»"-^ A**& jj^.J iJ jZ-J!i.i* t^**-*/t l;>- (jt* 1 . \ 

C ^U>- j*>i»^ ^2 <Jj|®^jl^ ji <jJ> j jJLa aLiAJ A a* A^”" ^jjl jj)«jAs»»i ji . Y 

j£\J "Vi ^ tJ^JJ < aJ,«s^ La,*.* ^jL>wi.* iai-lJi Ij 


4 ^€i 1 

3 j ixi ! s£5 V***.* Ij ! ( ^SCj df ^ Jj~>J I 1*J^AJ < jjfT^.* 3 U A.J 

• dlS^Jj^ (jJ I j3 (£pi'^c+'j* t* 1 ^ * ^31 _j UJ fU33«b O^^X*** ^£SJ 

ij (At£ j*L.*fcl j*£*j Ai 4 >.(£^ji Mj j *T£)T^ I^cIj! j3 

vI3*<m 1 oT A^Ju^a ajlrfbv! jTA,j ^S t 3jI ^ 1^ I (j; ^ 1^Vk4 

yj*« sS^y^ ^ 3 *^c\$ vLXi'v^J) ^ ^ £* 


\r° 



, 2>ji oLil j jTmj \i «\» )\^ 

oA^u BC 3 < D^Vlts ji^*-* (? y cJ^*^) EBCF 3 A BCD ^ 


A 


D 



?T J^ ; 


^■^iO ! ' ^i5 1<M iaipj »Aj l o»- «A li ( *jy* l£J1 3 $ BC j AF 3 *U^T 

F'.DCZ. j HA B (j> aS^ •x&i c) aS"” Ak.M^^j.Aj -a^S”* j !j I 

<jt j.4^1 j jV-Ai*.! ,-bl jJ.»i lj BGC dubu dl ij&*) j AaS* ^ I j DGE cJu* db y&>jl 
•Aidb Aid! 3 gj^sfc. EFj ^iC' b «Aidb E .J D aIT " J 1 3 A l£>1 ji b» b 


^1 ^ 


(*£> aS*” 2 ) 1 3 1 J1 I •,A ^ 1 3*"^ 3 ^ 3 i^v 

^2* ! , *Aj A.9 l^S> I (_f? l.^.i^*a »AaJ 3 6*Aa* A***. l^LS^d jl 

^J£i jlti l_j £.*.». i£^-Q-*3 , &"* ! - /S j^v-o C2*+o\ AiS^5C_4 j I j9 o^Ld +**M 1 *)3* J^ 

^4jl^i> 1 l JlAjl.^ A,S^ ir^AAU I 2 dj U l^l „ 3 ^'<* < - S '* ij 

•—***! Um< b-* ■il-i ^jiJ 1 *^*AA*«b OkA^u jftlpejl ljJ.ijj.A4 3 ( 3 $ 1 V&*$ A.S"" J.iS^^^.4 

J "Ai I ^jJ A.^ J O k& i&j^AM d 2 l A*.** S j^.& j! i {J? 3 ^«‘W ^2*^3 &4 i Jii a5^ 

, ii^..a>4 JaA^ > ..»i>^j.^ t .&i * Ai <5 Jj bi*u ' c^j* h sS^ 3 

A. 2 Aj r £*i jt I ipXj^^S oLj i j *a<^ aS^^ jA,Ss^ aS^^A J lj 

^ 5 jj,£j ji$i (b ^jl**,« (^l^lSCd a.^ 4 dii» ji ja> <A_r |»j^ obf j! 

.*Aii*ugj ((^5- 6 J1*^^) {j} 3 ^* <z*£j*a i (^1 jta 3 •Aii*t,ifc (>-5^*«>Aifti ) ^ 4 i fjjl^fc 

d«Ad<i j^i LJaiIs.^o C*».Lmv« j CL**»\ Ai9 ji J^*A.J 

^ {3*3^*"* ^ < ^-****S J 1-M..0 p U <^jj!^& jl l^l 

i c*». .l^ki. 0 jLL C-«l b*}jJi 1 jl ji) AfoU»*.«s f Juu (5 b JajJjfA 

cS3^ aa *^ kj 1 3 J 3 iJij^ 3 J«j&I^9 ^ 4 li ^^.d^-o ^.idLj\jI CAk Ijw 4 SjlJLil li 


• YY A-Y Y V tj- 5 ’ € p-^A Ai.3»* ^ c~g^ 4 — , ^ 



^ jJ j'-^ J V &*$**<£J L*»jIj 
jf JkjL oA.<2 yalLv <S^ ^ £? J* ^J-^-3 ^j-s^L *ki C—l t£jk*> ffr* 

Jv>. 1 j (j^^ *k>!j £■>j-o «^J oMaXmI *S £+9S C-£*9lj 

k^lj foT^if a.S'^Uksij txS^ vW b djb -9 £^** 

jJS-J VjI jj J I+& li JmC-'^'P I *S jl&»> ^J^-J £-) J A (^‘j.ij.i^A 

_p.& Aj^ ki JqA*. oIa^-® jjjI i> j.»- J If , Jviio^lsi. j>qU I JJ jj t^ 

^j,x&> ^jI j j a$" pjT^i U .^JoUfb j! ji kx^ Ij c-*.L*-*j ij?jji 

t^«l A^i^r ^aj ojU Lf Aif A i b *4^’ jl iS^)° 

, jjk 4 J kj 


I^aJU^ J w\a^> J J' x y 

Akij 3 ^ < ^r<''®„9 



u^jl* , J L« Ij 


<jl jiPjj j Enriques apj*.^ ja AmalcU iJUL* ‘r A Y - ^ 4 Ja\ «^V^a> '• ^ <— . \ 

tLJjijj) Questioni riguardanti la geometria elementare Aws^&Ai k^yv v^VVa.,* 

\&\ . <y» t ^So Jil>- iFragen der Elcmentargeometric iJf J l*J T aj a*s>- Jm j l„j t (\^oo 

iiber die Entwicklung der Elementar - Geometric 2 m XIX. Jahrhundert 4 ( ^ ^ \ \ 4 <ik J~j V) 

\ Y \ _ \ \ & .fj* t Max Simon az£> j.J ^SVa.iJU ^*\Sl 

Die Lehre vom Fldcheninhalt in der allegemeinen Geometrie c (^ o </ 4 <£l-j J-jV) 

^—'- Lj 4 ^ ^ ^ ^ ^ 4A. Fmzel j ^ 

. Y Af-Y ? Y 4 (\ < \W) ^ V^) Mathematische Annalen ( 72 

s rtV 

»^ ^ . Y* 


^ r y 



Ij ta ^*.1^ *>*0 j& # \ 4a*^9 

.(Aj jjljt>* j&j5Cj 

f J^ . »b.*«b p Y* b^’*'*') -R- ^“J 3-^ j^~ Q 3 P (J>Ws ^ 1 ■*& *^'*^* '^yy 

ii (,„^»**»i^.^Ai& 3 Ciuio.^9 ailiAxJ L&.& fA.„.| j 'y> ^ P jb^ Ojj*? 

^jR jtyl 3 -i 1 $\ji *& R jl < 5 jlyl Q j'yi 4 oy*^* 

t Q i^.ls-o«t ^pM>j b |*3^ 5 3 *A^ !s3 /I^ijj>**»^j 3 ti^»l*-$ *Aa.^A 4 )j 

Q j P c£b-&jSyl y .iTj* # 3 j.*,j Jlyl -Al;*- A._j Ja^9 lj O^ G^ J—*i^j J9 <Sj^i^ 
aS"* t_j 131 J s >t. 5 ^j cS^y j*jV k 3k**. b ^1» 

J A) I Ih^AVi^AAiA 3 ^ 1 ? IaA^ Oi1a< 4 3 i hAjt J Lib ij t, g .AA^ ^.1 ^ *oJ Ai 3 P 

til j lItaIa—6 3 -i 3 *Aa21j S ^ tilj b ^xlx-9 dlj ali t Y *bwtft9 

* J J I C^aIa-# 3^ £ bAa«^ b A.A-4^ j ^ 

^i^.k**3 jti JF 3 E j D ^j^b ^xit* ''(^'P (J'^"') ABC *& y 
j BM 3 AL <s^^& <0b EF y*-b AB 3 CA 3 BC oT ^U a« 

by, iJL. (^A'Ff) Henry Meikle 4 j !j jT 44 A^jl j ji£~j j Ljj ^y y! . ^ 

.(^4 < ff . ^ 4 Franklancl li3 y 4 Theories of Parallelism <—- 


\rr 







a •ijoT ji tWj ji ij CN 

•i&T .^jjT 

H r—— y- ••■■ * ————— 

y' BMF 3 ALF 

g > C jBM *•&:«* j** .CNE 3 ALE 

; 9f ^ BCNM J tXjiU CN J AL 

(5ji^ oT ijjU -a._jj} j j& j t^oJ ABC ^ ^ jW». 

BC j} t *?■»*« I Aj.<fc.C EF 3 * ABC (J> b ^ 3J ^ j*^s»o i.. gy?J b I*****] 

CjBo J {J>£ 1 I J g* j 1<»J ^ *Aj t««i 0*X*) \j*. # ^jJ I 

ok^ ji BC ^.b*? (jr"l B'C' 5* ij A j*j- c^lt* «b j& 
ji (JIaA (j A„.5"" AA.ui I ji Ij ijb-^ c^ijii J b ABC 

J ■—ij il cj k& b ^j{ t*» j ^4^ iii. J b AA*-* i J J i AA>k -o I A$T A' A 4 ^^'“'^ Q1 

Ji<J j*; .jT b AA*J 4 pc 5 Ij ji j /^.jAjjT AA,**Aj VbjA ^^jU (j?bljj OU* 

, ^^jA^.j b A,s jj) AA<***^Aa.& j J A bj Aj j j I AAb..fl 


4 a;AA* ib ^x**l 5 ^ dta 451 jii caIaU ji jfc ^ ^ka9 


CA^b .AlAib dlj b cAkiSjA (J'^'^) A^B C* 3 ABC AJ AjAS ijPji 

4?*** «Aijjlj^fe CAl*-e Ji A A- i j 4_5 ^ ulLj b [j^i aIj I aS^ 

j! A ; C' AfA^y oJ^jji fA^jbj ji Ijj (_5 i ^""* AaJ” 

*A-A b AC 

j A 5 ;r j^ja^j A„i ij AC 3 AB £-b^ ji c^i^k^j <E j F ax^aTa^u 




<FE j EF j-i C j B j A jnj CN j BM j AL lS^ 

j!T jjj! A'C' CE" (jit** c sjjb [j E" ^hii <N <JA j* j* 
C-J 3 J Ai AC U^aJ J w— I j_)j AC A'C 7 uJya.i IjJj C—l 

il<A*.«! A' b Ij oT CE «c-**i cS- 5 ^"* 4 *' a oT Ij b C^J ji 

EF o_j*“ ♦ ^¥^3 B ^ A j^ i^*“ CE c£3k*»>® E A. ^*.rt*»9 4j <Aa&«1 

F" }♦* 5j A"B a;s "i^* £.ks uT k**j ji ! j A"C 3 BC ksva.'U j_J c-*«l 
ABC 3 A"BC l£^.S kli jUJ o^3J^-« ^Ct> i „3^k&i^Jai o^” k*«j 
A'B'C' 3 A BC C^I ,*bjjl|^A j J,Z2*u& <-ij o>l 
3 ABC c£ ^“k*4 ,3 j j j ^ «Ai ji ^ i$ I^aL*? j! t£b J -bjk 

jjl^A Ij ji j fcblb* db b A'B'C' 

^J^*****}^ dljj ^^Ijli j J j Clk**® Jj 


ijl^lki<.r4*i 4«A?f* s 'Oja1 ;: & a.IT^jjj 1 ^«u l^,i jj.>6 «.jj,kj j! <oIa -n-4*j ! li ^-s-yfi-3 £j j 1 Cg*£ i*J I 

cJ^j oT ( 5 jjjj) £. 1 ^j! <*k 2 J <£U*j Ij jrlj db AS"^k^ *jb 

6 J ^ tj ^ hAjrt,S^ J»J J ^ J L- J ^ 

I 4 bd ^jaA*& ^ i Ij ^) I I j 

Q\ { J*~& £ ^,441 J Ajl J ^,XlX-£ &\S* J& 

^ ^ J ♦ ^ Q<X,jm 1 <^ J I 1 0 ** ^ ^ ir t^<t>v 1 

^lj 4^.53^ CJjj^ Wu3“® ^ a44I /> •A^uIj e^A^ujijSl (j£^?s.j 

cS 3 C"« (3-i^ oT-^|f 4 ?c 2 ^ ji j.OjjT j3 Oj_j¥» O^J Ij oT^UI ^l^-ksi. p*vj {} 

C*«S ^jl^.4jj,^i p**j j*J*^ W-'J »J - c9^ki-o c£l$ AA«W ^ b 0*« I 

bc^izj* cSii4*J 44 1 j i3-k^ l£Jjj~o ^jS ,jlji (j*t4y ^33j j! dlj jl 

i^xb:^s Ai jly I kj,k*. 4k^^.i l^ik^ jjJi AaA Ij ,i^S" »X;a!^sI. ^. 2< «aj U^J 

‘-i'k.e 4 j i& jkii Q^Jl A$\,p\ ii ijl 3J^-« Ij 3 *Aj I a 43 <Uj,*sj l^. 2 *i^> jl^»- b 

5sJ Ij 1^.J J3*° 4,1*4^ ^jj j I jj? I _fl 

(Jp j l IaiA^ ^ I ^ AJ A) ^ l^ l^r)T A^pU 1 i^ ^ L*-k lA -j? 0 1^ J,il5 


*09*Ji j ^ij^) ?° - 6 V , (j-s s ^.>«1 j V ^ s brun J/a^en der Geometric & o^b* . ^ 

.9’9-9-X .o* <Jjl V^T J* Townsend b «(\Vlt 

. 'p ’F C-***-*^ 4 f (j-f, ^•♦j 4™ , Y 


^rd 




4 *X)jl^ *ili 3 ^ j& &S 46 ^**\ ^.-^3 ^ L^v#.** 

I j l -*^- > -^ ^T A3 tA/«j 3 ^^ kl^>« Ij JiJ ^i j ^ 

OL*& a$ o! 3 *$ (£3j j> I j o-l ✓^-4 a*^ Lj oT J -ijS^jl^ ^JiJU Ai cj! j,*j 

^,**,1**.*$ ^^^4<*l^ ,, ^3^*^ ^#v4d*<£i 3 ^ ^ ^ t^^np-0 ^ Am^I^- 4 Li ^(44(^4^ tl^-ii-Nj) ^ I •X&i 

A* ,^3 Ai f C6*L<**£ ^3^ 1 «3 ^ (J» l^^>i».**^o A^A ^<^^5/0 Li l«**4aj I (Jp 9 

♦ 

lpZ* s Jt t J* lJ-A~J 


<5J^ «**•-$ oT i ^ ml -*L A -4 (Aa^^ Ij _J0 ^^J,<h>EU( tj Axil) jj!^& ^aIx* . 1 f,» .6 4*^9 

.l 4 .iT 1514 **•*4 ^ ^ A»&Sii6 Li 


4*^i SjftAjf • PY 

l?fei I j! .^a&A.jj-« J fA».^j Jy&* (J? J Iaa*cI b < 1 J ^y>- ol^AjJJ a 1 »*^.« 

b 9<U^> %>\A>\ ( a;.*£ b a;a;!a dta A_f #^-5j 1sjl» j (~b jjlp.& j2> *$ 

^ ^L 5 C, “^ < T i J-^’ J ! (J-*? ^ uJj j*-'i jj^^. !j d- 1 *^ llLj f 4 *S ^sL j j> 1 > A; 

U J J • 6 ^ *iA^ j *3 ^Awj li 0 J .^2 Artd^$^ djiAil j^,) M ul^>^*V' J JJ *£ ( A »»1 ^ Ij 

® J 1 A) I AITa^-AU t_jl?cXjl ^j)yx« AS"” ^ A.O>& »_IaA 4 j ^XXA^ (jT ^aaJU Af CA« 1 |jA 4 t L;J l: 

L^*wl ^ 0 «A/iiT Li^ Ljt2 .^y ^2»AJ Li j!iAiA> 4 ^i I ¥ Ai 4« ii ^ J 

V J [1.3 \ dS^JilU X^s % jfj,]! O JJ«0 ^j! jJ Jj ^ 1 iS ^ ju:*> J 

| lAIu U 61 iS^jj 

A = C x (tt — X—JUL — v) 

>Aa!j,?8J ji ^J^f Aj ^iT (^IaAa^J ^JaXSej j2 ^.>e^*; Ci*'**^ 

oT aS" (^xs j Ja^i j ^ ^x9j Jj—j d&l j*. ^5 sj A;^.j a j I aJ I . ^ 

„ Aa.IXI Ij Jjlj<frA WaIa^I 


SjU5| al^jT <A^b fiAxi jlyl A i <£j?c) A ^$li* &\f j& , Y ^i«a9 

. J(J?i l^i-A-O A*.A AI^J (_> Uo jt Aj t b C*'^ 1 t5jt •Ms A uT 


^■'^v ®J^^ (Ca1-a^ Aa»> Ij _3fi g-j ,»?e.o b A^Ij ^aLa^ a 4 ^ ^aa^2 



e U J I *Aj 1 ^ ^.iO*^s^o 1.3 l—■*■** 1 ^^liw^ 6T 

^ ife Cj l tAj I ^ d^i*Aj| ^ |^iAib^ 

j&iT O3~^""f A^eJ T j I t <^AijX.i 1^.0£,® Aj ^x.i.^a Als^. tjT j fy I j I ^Jl Li 

(n— t) o- °i^ »w y A-Vt* j A ^aS^-C <*S tS £_$•.> Aj ^jj I A^ L^l* ^ ! 

A^ p-ft^ti"* f*C-«W {J*^ n 0“^ ^«.jU*\£ 11 (0^*4 j!j ^y*=-*J Aj>ci^? p.J Ajjjj 

«oT j!y! y j! ^U <olg.5L --'* ^ \£ l \^ p- ^A.PS^ Ij Lo«M 1 0?jt sU**# X.^* ^j£” v4 ' c 

t)l^J^j-o VL_J y a 5^ !j t£l4. 2 ,ysi Amj a5 "piji ^-s Ai lj |j ^J?e«i 

s W3*3l \jf Ai ■Ai». \il>i*,* (jjL»»AJ isfcA^ifc j 

4 ^€i (^-i J**** 6 ? 4 XIa-Q • 9 ¥ 

JLJS £ ^s* ^3^3 A c)"^ oLil (£^ji J3*& ^<k£ (^33 llT* 

j3 aS” ^Uj £44 J t5- ^ A ' O'* ^» * ^*Aj) 4^ ^ -w o f y aS" 

C*J U Ij 0 *^ ^r 2 ^ <»3 33 L 01?* 8 Jo ^ j! L»I (^**»! OlJ i tS ^ j *^" 4 jidl 

oT Ayj A$^ C*J y “ 4 ot>-s! ^iadcJ! <jjOx.« A$* 2 oLj’l 3y ^j5va,.« /I 'yKi.* 

4 .**J,ia A»$" ^ 9 j^^jjo j\j 9 J O'* j J l?tJ y j j 

' ® y :f oU 1 Aj Ij r^-mAjols i ^ 

6 0:5 r 5 -)^5 ^5^ AaS*^ lJ 1 3 **^ 3^ 

jA aS^Ajjau’j Aj {3*3^ ^3^*3 0- J ?'' r ‘**"5 ^*3^ 0~’ 

"^^t^tAocU {£3 ^ ^ ,A ’3* t 3 *J iS A?6jja 3 # j^ 2 xi^ ei^.l ^ ^j ^A-441 

t_j-^«J < ^’ 3^^ ^3 • tA 41 ^ t__} tJ3 3 .^j0JAj ^ AVYJ”* 

A3 ! J A Ij 3 ■ j&jp,2*. t^* (O'' ji 

*f»2 J *’-"J LS -° O^J <4 *J 

■^3*^ 0- *Siji AoiS^jAj {33 3 j3u 1?CaJ I J ! 

3 {^*'^3 (O^^aIOi^ {j***^ 1 ^ J A** A.f ^_C Aa» j0^».a5 0"^ “^3' ^a,aa5|j> 

3 ^ J*^ (OJ'3'' , ° '^ a> “ 3^ iS J ^3^ (3^** (^ i 2'**y J' 3 AAaaIU 0*^ ^3 ^ J A** 

««3 ^j/**MArQ Alow r 

, 33 L § 


. f 5 'P iJ1*o*,a»3 & *p tji3 ,J *— • ^ 

. r ° £»~~s < — . t 

„ X o tU*-5 <— . V 
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$j'aa aIs. 3.3 lilj j! J £*au\J \ w*a»>b«'® A&<X*J$ \jf>J$ 

.f(7T — Cp) cSW^ <jsi ^iU L5**^ f^J ^ ^ tSjl.** 

aS\jU bj^« cjULi (T) ^ J3k-S jj ,/(«)=• j/(77-) = S «lSsT 

— /(^—?)+/(?) = 8 

a 3 j^juT <3'^'“ ji aS*o1 3^ 

/^)+/(^)+%~-^-^)-8 

<r* 

fty) 4 - f ( 7 r - gp - #> =/(*r - gp) 

^* A J aJM** tilj ji A^ ^..j jS<j* 3 

Aj 

/(^)+/(^) =/(^ + f A ) 

* tj*^ 

/(0) = c^ 

^^A*i3 # ^•“^4 ^ I ( *> ^ I v ^ ^ AS 

8 = cV 

! V 3 jUt 3 A ^IaAjjI j A$ ^Silt j* Aj /S 1 

oT 

• ✓$»£.}ife*£ /\ ij ^ ^3^ 




■ f? JC* 


A+/(X) +/(f0 +/( v ) — 

A=C X (7T — A —/x — v) 


j* ls»> ^43 ta 


Uj=r tA-ib 0-SjJ ^ 

f(a +h)-f(a) ffl +h)-ffl) 

h h 

/'(«)=''(j 8 ). 

f(«)-a 

/(0) = a0+b j 

o ^ =b o aS*" !jjJ b = ° L*! . jIa^ b j 2 jl ji *f 


4$"" 

t -r'-rO J tl^^-f 


WA 




9V JC; 


00“ 

1S" dio jf a-Ap 1.3 dij aS”"^j l^*xi.»L« A.*A j_jL^*** S j aS^ Ij . \ 

. f aJL.^* Ia^A , dij 

L> ** 

tfM-j F' J E'J <Ji-L ABC ^ ^ AB j AC (jiF j E •Ifj* .t 
tfjl— E'F' J EF .If J» *r J_ir^li 4JJ_,J A'B'C' i-li. j! A'B' j A'C' ^Uja 
_jo «iS\jT t j,»^*«iLj jj Ajj** j E'F' jj A' ji j EF ji A ji aS"* ^jIpoj,,®c j jul^Ij 

IwIa i J-l 

tftt p alfaiA£>- l*- 4 j Ij> 

077C^ ( \ — ’ -—^ jl w*jL.p n j* ^ do U‘ .aLxj dij ji l^jT 


n p 


jl^>- j)j ai^j a 5 *dao olii j~j j . —“"1“—< — S?j£ Ij i C—-*i 


V 

. 1 —7 TC *J*'0*J S ^ J AO^S"" 
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Ij I aJ jk oT ja j ,., >) 

* i*-^ j” 


*r ,-jLj 


JjamAJ aJ ^9^ 

A>-^jA , Jsjrftj A Xi )\ *Aj i 

Aj A«».JJ^J (—ij jIAA* (jJ^ 

j J*£*l*J* A^JlA 

n^xrj i _) i j cj 1 ^ as"* 

^jM J 15^—« , *lj J’*'l_$ J> J j . X>~1J!.A 

d&Aa . p & 

# /^.»a5 As^yi ^S •k?zAt ) & {SjJ? j 2> ^ ¥M '^‘3j?§ ^j ^ J b 

jj$Tj Ij b ii3 A.!>;J» ^iaw* A,„^ jbl i LS*°-^-^* 4 l^,j _5 

t bLiT ^ < i »C <y* ix^jt UA-k J tX^ J3^ 3 ^ f «Aj ii 

f ^lg5sj j) aL*?U j,r «b^J&*« ^jj 4 ^ V b ji aS" ^1 ^ oUi o * 3 J <* 

1-® i c ^ 1 ApZA^ kAA* 4%*j I J -i.2^W *A^O»Aa^ 1^ ^MvAcAtU ! *Aa^ ( *A*.*, 4 ,V,fc l Cj J.a» £ ^ A^C A^O xS 


i „ horosphere 

<( \ \ f<u4AJ) v. ^^mXA&Ws A,**XL& ^y*\ 4 J-2 J j+* *— ®bT “ A i- 5 0 , i^^(j?^- a ^’*Ls"'- ; J-J<-5'^ • ^ 
Sommerville, The Elements of Non _ Eluchdean Geometry hf , ^y> 4 Xu j &? ^ 
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t I j.&» ^A,on«A«ft^l t^JO lx***} X.}y j&\S* ^ J y.lz*«oO Cobk*® (_C Jy-***>£ 

*$* lS^>- Iaa45 j ^ td»i«J •?? 

^ixj fj5"_?'‘ 9 [*■* tS-G* c£1— Q*i l a A*2.i ! j ^^.jj (^j jT^ Ij b 

J j yA ^ otX^i ! ys* <k«j*« j^j XX I J £ _l3 (j^L^clx,^ t^JkJ ^>lj*ti^,j 0>X*m U». (jj 1 ^.*<j 3^ 

t ^.*.a 5^ ^-0 j !.£• T £ »A) t 0 <A**i ^e. 2 j J} ^^aJSSE,} 

• *k J 3 ^■4+ , ''>'A jr> y*^ ti>^r aa%a4 j ! ^^«A^c-o 1«^.j£ l Jt<*# ^! Lx k> (T) 

^j»i.ft:<<.^6 j&t j,bi*A^9 (3^3^ IJ < ^ J.S* kk j! 'jj" uf ^—Jb lx*w« 

, ■ ,J>&^jj} <+JL«a,i 

k} J Ao I j jT^,*» Cj? aAiJUft ^ls* L t£L&k**i ^^k^ Qt) 

4 JJ>i*ll L^-felxJu jl «AAO 

**■* dLjl AB yy Pn-\ **.<P^ <P r ‘P^ *P^ «l fj& (^) 

J3 b**-9 [3^3^ ^a**4a.AJ k i.Ai A a_-Q ^Jy ix*4« y Xo.3^ c 3^* H i ^ 

i-XX'S£^a.l P^n—\ 3 «**J P<^ 3 P^ J P^ 3 P^ 'J$ tS*k* y 9 **"* dk 

t-xxxS ^.* {S 3 ^"* u ‘*' js &3^’ ii I j A. B yy ^*>*1 e$ ^^k^> ai^siT 

_ _ i _■__ _ _ 

C f 3 B ! 3 A' 3 - k '"3 l (£Xs*. ^jU>c.~a tiij j I xlzi) a** (2j B 3 A y .s ^*k?s 

^-ks ) j jA ik C J !B _3 ^j<’ 6~ isi *** c3> ^4^ Ix^ <X*3u b ^k La j 

*yy AB/j*y AC — yy A'W[yy A'C r «bd < 


jkl ji Jo b (j C»Jl>- J j 

J^^b j\ tj , ^’“) AC 3 AB cSW^'j'® ^ J a i5^ <yy 


<y l>- tNichteuklidische Geometrie C---1 Liebmann Jl jj U^S,i J j .y J*^ J ^ yJJ , \ 
Sur la Geometrie Non-Euclidienne *.j <— J*J j t ( \ \ \ y tjJ^jj dkj^jV) |* j*> 

J-Si yjy <S^j—i .Af-Vf <j-s> OA^f itl»Lwljj Jj- 1>- *.-«LiJL— j$ Gerard a^ 3y 

0*3 JM* A*«-U.A jjl i i^k«J _jJi j jjk y 

X*j j FA . ^ Coolidge ax-5j_j Non _ Euclidean Geometry 4 — (vf C»^.—S) C*-l 
On the Analytical Basis <— OjUx^ Lj jZ.ii yjj^jj ;(^«\ ^A«ri) 

J a >■ £CjI—~ iljj aJ-^ej jj tW, H. Young Xz£jj oj r Non — Euclidian Geometry 

.ta?-tm .u*«HII ‘p-Ja- 

. ^ A --*-*■'■ j < ■■ . Y 


^f ! ^ 




c 


IQ 1 



PL 


mj J ^-- AB =m ^ Ob- c-1 &J ,jUI i3^ J*lj AP 

ry AP try AP 

A C' ^ P ji ^ lj y«l Xm , Ai-ilu lj n j 

try A C q j —m ^fh *l&T ..> J> ju»!y. ^ks P' _p !j 


ry A'P' 


ry AT 


ry AB ry A'B' ^ A „ - , 

VyAC o-yA'C' u -" J lJ 

(dij AP ry ^ AC j AB t^b^y ^ &*£ tAy 

^A. C j\ 2^*^ tf*y t3 ^ I j dA »A^ii Ai B j\ l$ & j ^ ^ 
ji *S b u ^U-5, AP ji £+**\ j'^-^-jS QC oT y j QC ry j ^A* 

A_A ^xJla* jl (£Jb £.ki Q^ jJ> !j A- C' [^"J Q 

A^BrtAw t)^A l 

ry AB ry A'B' 
ry AQ ry A'Q' 

Q'C' j QC <5^-y ^ yC^-f AP ry f C 0 J I i *K^ I ^ I 

oly* *•—■} A'C' j AC t^b-^y aj c. ~p> y$ A'Q' j AQ c^b-^y j “^y^r* 

t T t Jtj litlj 

,. ry AB_ry AB 

ry AQ ry AC 

ry A'B' ry A'B' 


ii.> 


ry A'Q' ry A'Q' 


Sf T 



>X». J) 6 i&T xx tLh j& 3 «^i«U (£ .3 {’***«-* eji jtX*"* J± y ! Ut 

I^J IaJ f *AA A I ^t£h» (_C y 1 p44 **m4 

yy AB_cry A / B / 

yy AC yy A'C' 

^f Jk+zS ^i****! !j olj* a.!&.xu P£2 '&^i£3j 

b ...<E <D <C<B 



,AB=BC=CD=DE=... 

.A^B^ = B n C s = C,D^ — D s E a = ...oj y* 63 1 J s 
...<EE^ <DD/CC\ <BB n <AA^ 

o! ^ ^ -ws jf^ j^* 4 'j f j 

£-k$ B f J J BB S pri;X ffr" J ^ J A'O J-* A A^ ji BB n cry cS _? Ih*<-« 

CCy BB' j,i BB n C n C j AA'B'B a?8 £ x]j^ y^y 

cr V < Jo ji I j) 


cry AA N _yy BB^_yy CC N _ 

yy BB n yy CC N y y DD N 


* ryry ■ 


Jj L J---— CL*«»««0 J 3^ *^kj J- 6 L)“» A. 13 ^ 1 f t<% 

" yy BB n 

Jj}«A,.j ^ 5 s!x .**0 jL>i««'i^c cCJ **-**0 A^g»*^» • g* 4 ^ 1 - 

aSC)o Ojt.xj ^Scu.o p.& lg«y J jb 4j ^ f-xJlAsijf"jly U=S" t&£-U*£ J_^]» p aS^j! 

c l^iT aL^> Is aj Jj I J - 


.Xj 


,A1 


^j^k***^ J2X9 ^a?Ca^ _JJ 3 I jl? [aa*0 *3"^ # ^ 

4 A.^9 j) \fir.** cl j& aS" I U 


^^ —_A oj->- *J jh> «u.ij db jbx^l c^I^j U oyS I 

Lry BB n 

b ^ i 6T AB b-o b CI«a« I jS*jji J>»l3 j! 

«kjf jJi ^j! C*?sJ AB a^oJ A./v^*, J bi # /(5jl ■u>4 C t<^<£uO j ( ^ b^-c 

A-m«AmA (_] ^b (Ask | j ^ik-* i^».aw ^ jb J 4 £ J b*a>. I J jib f J 

(^ i 1 ^ j*,QS <\*M w^-aJ ji jjJ -Aj -*£»■• 1 J) « JffrS** b*«l^^*< ^ b ! J {Jp >X& 

W** 4 ** <Aj*E£,0 J ^ ^iA^oT iAa& I 6 ~^ ^ I {£ jbi (£ 

# ''i^ P ,aLl«i jlf*^ J yS b ! j tjT 4.J LlmtIx.® (jT 

b J.5C^ j^) !j . ..j cc, J BB n J AA n /! L ^*** J t*Xj 

(jc.-^ ^ L? J * AB :== BC ^ CD === .«.= ^ 3 t y* ^ * ♦ *j S N jS 

♦* a ? 

U^-fc-v 

S S v S r S n — \ 


>r $n 


jji J 

s n = se~ n 

, ^S.A?g *p iw»Ul I <53^ n j! *f 
a w*<aj 1 o ^ 1<m j b jjj! cj bj! tLbj i 


3 iS^o- SsA-O jt jbbu j>jj> (S^j^ Sx J S eifj* ^*^9 

^JaJ fll^ 4 ^A.l.'* ij b JAAM'O ^ bits ^! jj (^ J ^ Jj »^ ! I ^ a^ I.tAiAo'ti I 

^ T (tX.3> b X ^ 

(\) s X ”Se"" x 

j.jjjajlJ.j1 J ^b ^lj ^£. IaJS ii„u f\ X /| *~JI 

f <—j _j 'Svi ^ ^•Ajya,? 4_j bj I j j) a 5^ ok>. £ lAij I ^9 tiij j! ^ iA^s ! <f«A*«bi 

4 3 s ^ IxamI 

J jL> J,3hSj AB (J^3 *£ZJ,£ t-jlseXJ! Ob>. (Jj.b ^5»f J y 1 ^J-^ U 5'0 

oT j ^ « “ > 3'** u 3- 3 ^) ^ j}*^ J3« ^ ^ b <Xs* i3*3 ^****'® —-— uH*a*«o lA^ti b 

o*y BB n 


•( ' ^ W 6 Ut : j J J . j ^ij^) \ V § 1{J* V^< 4 jLJ <— . \ 





s x =sa 


— X 


a=e^/ k 
s x — se~ x / k 


f*a*° 






A**«XAA k *k ^ ° c^/ k ^ ^ ^ 

or Aj < 5 j 5 o 4 AAjlj jl jX* I U * -^ 1 J wUe^l *$ jiji.AjL* 4 $ 

4$^ ij^**! Ij '*' 0-^ »J j U*^.® •**•■< J_^l» tj ^jp>il?c>sj! a,S^i>«=«iI b j!•Ajj.-'# 

, ^ L^*« i tf~0« <^J ' 3 


Qlj* s 

j* ^t^J jU s x j s jiTl aS*” j~&o <jUo . \ 

X L<0 aJ,^?U sLSvjT JU-tj £j jZ. mi** (j£1^n£ l**» iS^j'i (SJ^^ il4£*»1 S _jI S^ ^^_j J ■'■■*•i.j 

.“'■j'Tjjj** o«jij •)J)~‘*'^ 4^ J 5 

x= k iog S 
s x 

ijaij jt^>- PR j-J .4jUj.il ol.5 QR j PR £&\aZj* Ja.si- ji A^JJA ji . y 

D^j C\j B^j A^ H r iT U i»lipj < AB = CD *5"” jo l4.>- D j C j B j A jj 

*j j\ DD n j CC\ j BB^ j AA^ jZ(S^-' r+js c jjo jQR isjj 

. o*J* AAij 


c~~<m> j L_j j<il_j jj 1 J—j 


a-J J 


bb n 


bj *r ibbbb^ __ <’j Ij . j^...i*s j i j r jb 

lT'J^ QQ' 


DD< 


cx ji £-jLJ — C-~-*0 aTjj jc 5o «jjl jl lj (^) . Y 

l°gf(x) —F(x) elf^A J 4f(x) f(y) = (x-f-y) o-w ot-j c~00 .J-L f(x) T ^i«. 

.t* *r—I ^^4e b CjT jj a^ F( x )=*bx ji j F(x)-hF(y) = F(x-^y) ol^jT 

4 vit) tSt&AEajlj .py 

J (^.J . ; y 1— . . CI ^.3 lj jjyyyyJ ' ...ft ,' I—^ 


4 ^ V (a>*>4titu3 


. t 
.r 


>f a 




yo 


U .ptjiu* 

^.Pclx tSUkx; jf I 

I jl ^ «A«tV i j 6 «A< 4<0 

lT 1 A>-« ka» (jU>> bS>9 b <j 

ttAjfa«lii 0 >j 1 3 "^ |*3*^ Ai^Aj J 

(Jjl Akiil Alf Ia-w b 
^U^Alf£jl (S 'j ' J -* 
b xil-j (jrjl^-o o' csW^l dij jj 


f *Ajfc>!J.3I. 4 ,rt«A?c^ ii j £,*«l». l*b, 3 t. b VA j^i“ cS'* 4 , '' J ”' 

' 3 ^ l*.3 § b lj 1 Jl_p Oi’ .<^"»“U ' J 0U& ^y cS I j' J 

jj <f i (y° tp J^kAj <S yj f yj !tZ* 4 a\ C*+i b A aa i! J^k (j^ 

77 

o j I O yk b a 5 * 1 xS j> *« m-y/i n(p)=- 


, JiwX^Vifis A** J& ^ “^ ,Wi ^3 2 ’* 

§ bjM> b ( S ij 3 k Aj (v \ 0 j>^" j* Aj iS^ ,s * J 1 AB 0 * 3 ^ 4 

i z* 6«A^»c^S^ ^k.J3J j3 b»a.^ > k r> . j.S^ I ^ 3 ^ S 3 ' 

j AaS^^ bkiS Aii l—*■< 1 AjgAi j A i j B AkAi Aj c- k? ». 0 “ ^ 

o^'^ oci«A9 f o' A B y 3 i^^j b ,“k^" 5 xi b 1 j BC o^” j ' 3 t 'j 

1 >) "t ^^CjjAi} <CAB ^ 3 'i j' c~*i ABC j ABC *5" 



.u j' £+«>) 

AI~} fj** aS^^^.^v3 aj < 2 jj-‘-u ^>lo*xi! 1) L> B ik^k ji AB Ly3"^ ® 

(J k* . ^ j*A^^ < .-o P^j A§^ b jl^-® ia>-< ka . o l^J T ( § 

a$" oT a>c 2 -3 t CE E ^k^j u C *»A/k i' * j BC 

.DO 7 b A^e*xj j Q2' 4 ■^j'j *^0^ (■«■*• j CE E 

b ^y_3^ 0^' 3 ^2*^" ^3"^^ O”^ 1 E'' J A 

^kiij t B b (ji^A.1 ( n ^3^‘ w '® EF 0 * 3 ^ «“^j^"* 1 iyi k’ 5 F b lj 
(0 S-s==Se(-t+u) 

.^ u <* Oaij J»h) V *«*p£ *jiJ& {J* ^ ^ 

AlG {J*^jg*i**t*AJ *Ai*A»5 I G b> A ci^k ji lj BA j-y oy^! 

CB .A tTk-« ki. b C«*»l tSj'_J-^ ^l^-ti jjk 'J ECE ^l*<5 3 ^3-^ S 




Ctl ^“—** ^ *•-**••-^ >Sl*A*^I }~f *X*i 1-* {£ ! A &.£.) Ij ^ ^ J 

t S'S £.1a* J JXjU ^l^kjb lj OG ,XjJ lj«A!!s!i H ji ij 0 'J$ j* &•> iS^ 3 * 

CH j\ cj t j t j..# ^ J~f a!$ ^\z2*. ^^*jji O »® ■* O £*>***i j 

<Jfj^ ^ w «A«S"'^j-o J 3 H ji ^iS^z* ^,A?sX»* j/J l/^-a «k,^s/.«i j£ J 

j+U J S b 1 tSi 1 *i *.4 HJ 

(r) S+s=Se‘- u 

Y ^ ^ ^ 4J? ^Iaj ^ J 3*^“^ ^** 3'^°^' 

(r) e u =cosht 

^j5"^ ^ 4^ j »** ^ ^ ^ ^ Ajjti 3 O^” ^Vj 3 

(?) s=Stanht 

(wkt.iS f j ^.£.« U~* (5?lAAiailj (ip) 3 (?) 


(^a.L.Sv^- C*<a-~j llv*T t^sjT ^l^ww^Ui' J yCj^<^,X!fc vCjV^StiVi aS^ ^Is-Ujljj^- , \ 


. w^jij ji&!jJjS ^ j 


db jZ ^ jS jt J' (J“J* ji J* ij u l 

|j ^I5s,*£ £j*£s*» la»jA ^S"*X3i b ol*T b # O* ^ ^•$' v ' s -^ J OT 

^ij^bjj ^b<A.i Ij l&*vk.jlj l 3 Ij Ol 

Ji£& 3 OL&S^e.© jl ^IblSibO .?A 
.is: 0*4* o y<& I 

,£r~£> Jijij &.»t.A*p ;£L.AAk2,> 

^Uj^(v y J'^) OY 3 OX 

X 1 j OP x J-Jl* OX ji P P x ^! 

d**«ij| ij PP X 3 f( J ^jT U ijjkb) 

£ b ^A-ob^-s P ^AOjI b t j& 

Py air* jfo *S A.s» J.i eAjb . 

Ajje^j j£ J C"**! JA-Y' J l-S-^- PP x OP y (j*k^ J^r?* *^* 4 *^ OY ji P ^ '® 

♦ X S3 1*^^« PPy Aj 3 y 'S3 1* 1 " 4 OPy A.) 

^.J ^£j Jo* ^9l*A (j** J* A?*Si Aj Jkjl 33,ju A?EjT ji £^jl jfebol _}'•£■ A$ 

A^:j j Ji^Lj U X JiUsJ £ bjT ikll y» 3 3jj£.> !v ji *& 

/+* f. 

\J? jl 3 *pS*$ (P -Via l-o t£ I &.k.Ai (VVl^ 1 **) -** *" > 3' UJ O'*!*”* Ol jif l-V* j3 b y jj.>za 




} 


Si 


aT Ij <j?lAkii .Jjjl5Cjj § 1 j OP 0*3* tSl j! j3 «pAyv^S^ J j i *Am Px l** X jjpc*® j< 
PQ \j#jfi ^Ijlj^s 3 ((^ k IJ P ^Jjb Px ,^J^° S^ 1 *" ^'^*'9 Ol j^ 

».A-i I ^.ui i-HtA^wXj ^ruli j£ *X$3(£ l^* «vS^tjT £Os*. ^*?ea»c A,j3l*^ l«LsjI »3,> s' 4 b 



(\) e x ==coshy 

jl 5 A.S"(jT Jb>}$ |>fr4-' 0 <w» , “ ,:k 

^ t£l$2Sl tiij jl j» $**j-* y t S ei?^ j' J~ j& i cf?-^ 

A$"c5' ^j e J ij-taE-e ^1*3 ^jj ! j! x »j4 3 ^J 1 -^O 1 ji ^ l*** ji 

dS ijjij J& (Aiii lZ*-iM I (£ jJw^W I , J <_£ tj 3 

'! (1) }j tJ ! J.J ll ■ ^^9 3 

s'=S tanhy j s' = se~ x 

^ ♦ 

(y) s = S sinh y 

, ^»*<* i ^ i <5l**k*lj <>r* (Y) J (0 

< S 4 j$! jJ U < S j J J-'^'^T 3^ S ^(L)T »—**■«*»■ ji *0 <-J^***^ J^U- L?*"^ J"* 

(^Jf ji^i U 1—J (J,t£ ^.la.2 fj OY j^l (vf t_P v ‘-") OP S )j\ b 

, * <—«*■“ I 15 U o i *J t^<-,rW? li f C***Ui ? 

L 

oiJ*> 

Y c 1 a^um>~ x ““ 6 <j tSC* ^ d** Lj ci*j k> c a$**j X ==== ^ ^ ^ b*.* si) ^^j w****^^" «^ 

(jT ja aS"" cg x ^coshy ^ v v P x (j;— 8 '*—^ aJaIa> aS*' ob.*»-> . v 

.OP x = l 

ji aS" tanhb=sinhy *S aS ^ K ja \j Uy (v r J£^) QP »^j* *Y 

.b = OR uT 

J lj 3 j J>~ j-> dkij CU--J oT Ji aS^ I j l* X J J 8 ^** ki (_5 3 ^ j* <Z>+»\ J J A9- aJ i Ia^ . ¥ 

ij^'i ** »-S* jJ-J j b «j”^ Ji ^J 'llb>- / . A-n^S -U»Lj b U y 

< , jki ji <C-**»i (_5 jI^ J-j-J l® y Jjsw-« bj Jasi aS*" 

Ali A-*-L^ CJj k) Z ***i I sj”^" J (Jjk Af A**Ij (jjAi"- j' y ^ • & 

,s=YSsinh— 

r 


^aJ 4^fj . j? ^ 

ol A,la,^J A.J j^5sa». ^ 

!CJ.MhAj I J 2/ 3 Z ^-*^-4 6 jb J& Akil J A.S^ ^•^*4’3 

J^Psjo jSt IJ (^jl3-4 cCl*-«<lj ksa* AjJl«.>ii ^I *Aa*«J Ai j*J UT ,|t“5J3^ 

(jT j) Jvi^l j j ! j 



Yf 


j.9 <jT jl ^Uk^j P(x <y) J v.^-* ^ (Vf <J^) 
p fitiju+s <P X 3 O J> ^ I j ytj^i <P X B J OA <s^ 

J J.U .Ju^j AZZ«»*> S2^ x Jai- J JJ*-* oT &} 3 fUx JJ*+ ji 

UbAkilj ^1 ,i ; jU ^ 8 **J S L* b OA ltj* oT jl j s U b P X B try 


s = S tanh y 

s=Se _x 3 

(UUvPeJ^£rg*J b ^*1 Ij O-^ S 

(^) e' x =tanhy 

( 5 jj ji z' 3 z p*z* cS^k^ ^ ij r j* 0- *bb <^b* 

# Ju:f U*. z t^bb^ l* b OPx k^* \jl-< (v& J-^") c '^ J* * ^ x 

i3y^L« <£jl j-6 aS” Ij i2^ x Ja>* .-^Lj ^b**' J.* 3 *-* J*> <£*3** Px .P 





P x f2, ff-wj Ji ^JUl) tjJLk* £*! J JiS*^ ^Ja» P (J_^ C*« 1 -P 

Q u P ji i j P X P 1 U y Li (5 ji 3 * P x ji 

p«j b P X Q j* k^ Q j$ ,P X P U j,^Lj c5jL.^ PQ iU^i 





'j] Ij j P X Q I j » 1 <$jl>.P x 8 x P 1 ^ ^ ^ 3 

z f 

sji^i ) jl Ij t-Jj-lk-e ^ki!j <„— J z J5 p ol-A^>c^ .Z 'k*» ejb j^«.X-9 

*ffr“ j J ^ ^ Cj jj*p 

e~ z ==tanh-?- 

Y 

i 3 j J I j3 0 Afltu.0 ^ 


e z — e 


coth 


z' x _ ,.i_ z' 


tanh 


cosh x ~ Z - — sinh x — 


tsinh^-cosh^ 

Y Y 


sinhz' 


A^ A?CaaJ 

sinhz = cschz r 

^jjl Aj Ij Akj Ij jjjl aS" \ oT j^4- s 

cosh z—coth z' 
tanh z = sech z' 
csch z=sinh z r 
sech z=tanh z' 
coth^==cosh z' 

4)3^Oi^-o ^Slfc4|a;fj 4 y o 

ijit *9 Aafc^—J la* Ajs^i Ojj^ A_J f ^k>lj I A*fi*Ai& j3 

OT <?»'l;s» (Jj l — & A J J IJ (J^X^Ax Als^lj ,t«»»" , * A, l 6<X+*> fi3l3 Aj 1^3 I l„9 ^-"^A^l 

tXi j jH _ l ?’ 1 ® ^ yA 1 I Ij Ij ^jjl&Aj^lj 4 C1 a 3 i^it j j^«.*k 3 Ljki<.-oj3 ^ 

,3j_^T ij! ^ j Ij ^-e *^3.3i ^ q*X*m s 3 i 3 1’ 0-^ J I c-^).*“ J3 i A_S" 

j^.jkiS”" <**A*aS 1***.$ C?^j^j**«3 (_£ ^Xja A*4»A,IAi I *SX£} ^}J I i-o ^v^j3 ^y*-^ ^ 

t <Aj j Ia* JC/kj A** Aj A*« Ij Aj^j I j^J I U lH>*1*<* aS" 

3bjly j.1?^ <5 jIa5CU j jl$U ajjI^JI^jU ^slt. (yp J.Ci) ABC 



V? 

1 f ' a»» 1 ji ^ ji IJ AP h>- ® <S $J ji -3 A. Jf 

ji aS^j! Aj ^ y^ o *AX.i I wl*»5 3 9 ! A oT tSj ^jH ajj!j A^rcu*« 1 ^ia,*. 

Jj\y 0*Xo!^^» US 

U+*j* t Co*ui 6>A** <J ?^.3 C J I 1 

C j' h tSJ^ x-w-« 1 «uS" = i?=j 

ji lj BS 2 Jai >• J .0-1 AQ 2 tfjlj-. Ja± f jAj,^ ^*U»J Ij APji ^ j*-iz JasL P ji 

AO <£{** Ai yS ^J.ah (jp jl ij*jfi J 3 * «A»j.**«5Cj jAC-O {£ 3 B 

P ji A„.f<ji j D ^h-A) !j AO ±jlf^ B j\ *$oT i? *a c jL> j^wj PO 3 BO j 

QP j PQ j BD cs 4 « j> i sW jb fk* Rp I j AOj Q j-> ij BO 
U^kjij 6-' - a ^jLJ *xi b Ij BQ •hji* AjA i ( Sy, J S^ j S^ Ij ^ J 


o«, ^-« ^ 


s v =S sinha 


s r e u 


eu=cosh(I —c) 
s x + s r =S tanh 1 
s Y = S tanh(l — c) 


u-* 


sinh a 


s r e u 


e u 


s Y +s r 


?] 


S S ■' L S 

= cosh (1—c) [tanh 1—tanh (1—c)] 

sinh 1 cosh (1 — c) — sinh (1 ~ c) cosh 1_ sinh c 

cosh 1 


( T \) 


cosh 1 

sinh c = sinh a cosh 1 




Aj jl^Jl^j U dJd.* jl j I Aj Aj jl j j dij ji j7j a 5" ^UJajlj ^jS 

^«0iAa Id I A/m ^ ^ Y 



(v 0 sinh c= sinh b cosh m 

sXi I C1a1,Xj0 j l^.>» At 4»<*p«*.j|__ y A$"*J3^"^ t| # !•!»*■*<*! 

<j*J <J*j A4« < 5 !^ *$"pjU '^jJ ,xS^ ij jl$£ oT ■>>*-J ^jl *£ 

lk-0 oT A.r^*l4> j*^| d).J .t_-^uiU-* <Aj jj jJf^U <JJ jl 41 m j 

(T ^ ^ J ,dj JdA tj^ J ' bA5s-C Ij ialloM 1 fid** .^J Lft-ftA ! J ^ Y* Wb*'»” < *«$ 

cosh 1=sinh a' sinh c 

ltMP^4A l j ^ f ^ /*£■- ■*■ b ^ ^ J W» 1 . J l *‘ 3 ' jfc J J ^ ^^ jfif j 4j d ^dM 

o !Ai oj4j Ij „<jf c5tac^>» cf> ‘w- 1 L 

(S «^ ^C i A ^igj I J (p^b^bO ^b) aj <Xi 3 4a.44aJ I ^ 4^ J y B J bS^; Lbb4 

(vO Jj^^ji b fji^i .pJjJ^-® C-«4j^l*?l dJd.* (^Ufe^v^o 


(r) cosh c== sinh 1 sinh m 

't’jH J"® jXjbA^j 4—j |j c^Lt* odl»> 4jji J j jjj 4_S" Co-^l L>J^1*0 4lT dj^-tS^-4 j^J>y?l>. 

t 

y ^ J J 

cosh a'= sinh b' sinh 1 


u 

(T r) tanh a=sinh b/sinh 1 

oT Aj l** 4 b 0 

(vr) tanh b = sinh a / sinh m 

Ij edta. ^UajjI j jl ^Svj j £.id> j«> ^ e ) (^Ukilj dL j& *S 

r* 2 ^j'y'(t) I j ^ sinhm j sinhl ^jl-^/’i 

^ 9^ AAt lih* 

(f) cosh c=cosh a cosh b 


^iB^BbSbO I ^ ^J^C-LgS dg^(2t9 l ^ ^4 J iAib ^b^bApb^ ^ Ip ^ ^ ^^4 ittmi 

^ ^bbb^bA^ A<mm^ ^ ’A «^^4bU ^aaAi^ AiM fl i>44l I Ai Lj _J ^ ^ ^^-bb J ij 1«: 


^J' J*^ 

A 


♦ ~. r~ “‘L5 J J-~T -> ~ ^ — L>“ ^ (£.5 " .J j 

(^l^l*.! jj.]? V 1 J^cl^ ^ i C-*o! (_9 jl^-c ^ J ) LbD c.j>- dij ji j}X 

) 3"'* u ^ J e«A,C jjf-^ "* j '. j ^- ^-^ c si- i J -^ j ^- ^ A ^ S "5 • Jj 


cosh m=coth a r coth 1 



0>) 

(Vi) 


cosh a=tanh 1 cosh m 

j 

cosh b=tanh m cosh 1 

j Ob )j £.1*? dio i^T jl dl> j*>*S 

cosh a'= coth c coth m 


( T 9) 
(v 9) 


cosh b' = coth c coth 1 
tanh a= tanh c tanh m 
tanh b = tanh c tanh 1 


b j j I a5" 


J 


J A 


bij U tj l$)T Ajjl J } l—ij J* 3 ^ J j! *il 

.iToja _*Js ^A JI f ^.1 ‘A.J J)iI li A$ IJ j tO ! A^A 

y £jj ji j oAjzlS J! tf^baX**) b QS C-£-®.a! * t£J 

^ 1 *%*i A:^jT«djb) A$*Aj _3 LflJ i *Vb AlT"^_^!o«A.fcbji 

* Aj p-j Aj!J lA^*$b > Xmj 

'*0^t»aA ^Vfcc-y^ 

y£V^VV> Vi 0.*a\ ^iVjj* dVi sC^^AA ^V*.i .X 

s^Wy*. ^i^AA 

<5^* ^lAaAj&LJi j IasAj^IS £j±\ waL-£ aj jO oAb!_^i. 

b (j t^i T A.« (j (AaA£ l® \^f*i j 1 «^j5"*^v C?3 


O* 

b o ^ Ia^.* ji a* a aS" U y j j 3 **-* jh A«4 r a.iT uj t-J , ^ 

I tanh y=tanh b cosh x 

*S"" 1 j ^3UkS j <h 1 j jjj ■Sj^j CD ^Iaj ji Jjb ABC .t 

ttanh^a—tanh ctanh q (T) ATjuiTc-jij a^lij DB = q j AD = p Jj a 

.sinh^b — tanh p tanh q (»_>) 



lAf j , y \ 

J ! i bAj JrG A j I J (J^*i.»s-01«—ij (J“> ^ J life J ^|>^U li L« il4*l ^ Ai 

A*i»9 ! djbL*»4j^ i^-»l«.j i^A>b Af.tyS.B_J A.aa^l 9 lfe.A«*i l^.£> ^ja, 9bA j *A*..£j J^ 

<A) ^liu j I p.« j 1: i j i^aL*^ Ia^uT( j£ life j ^'•■ La -> 0^*0^ jjTc^**>Ai ;j£ I j) j^]«.j Ia.a , j^yjAjg^ 

|-frj 'J i Lj W-A^***$ _j R^ 

^yzk^e> j$ A_j 1*4.^) {£ l&(J>lj£ 

• ffrs^^" 0 obs* y** 

^yit^ 1 j (yy ABC 

uT^UajjIJ j c^ij Um t s> I _^?si A 

Ai j,jU,« (v j n j X i j 

j (C j b j a sr*J j-j tj WjT 
£pWjT oUjIjI A.j aS" !j ^jlxiai> 
n j m j 1 -^4 c5jl>> ^U^jtj 
&“> j ^ j BD ^kjjl • j^c** b 
jjJ}^. j t# ^ L^.xkx«e j<i ^aakaj ^ ^**«j b tfl^jT , ^3 a ^^_<** h ^_) oT 

:^j3^ £~* BDA J BDC 
sinh a—sinh b cosh n 
sinh c=sinh b cosh 1 


1 

B 

/ 

t\ 

c/ 

\a 

/ 

h k Nv 

/X d 

b-d 


D 


C 


YY 


A?CaX: ji J 


sinh a cosh a sech 1 


sinh c cosh 1 sech n 

p , s* , t:i {ji* b 

sinh b __ sech m 
sinh c sech n 

(0 sinh a/sinh b/sinh c= sech 1/sech m/sech n 

^^*w5 J} A^aaJ I ^*5^ ij «A) l ^ 1 $ ^5^ I A J jj 6*A*^ j^,^. 

<a 5^ b £ A jj,** ^ j I ji dJ»j £U»jI dij _3 A*«u Aj) ji 'J-j 

.A-ib dJkiU 

b lj DC J <d h AD Al^S jl-j yy J-^ Ai 



4»i (ip^) 3ji ^ li a 15s*T ,JL&.i ol**i b ~^ d 



•a^T^ cx*^i j ^Uikilj BDA j BDC 

cosh a= 

= coshhcosh (b —d) 

cosh c= 

= cosh h cosh d 


<x* 

cosh a — 

cosh c cosh (b—d) 

cosh d 

cosh c (cosh b cosh d —sinh b sinh d) 


cosh d 

— cosh b cosh c — sinh b cosh c tanh d 

yoC»**»3 (/^) J /J^ is* AjJtjJ; aLu^J (3 lj *A,Js2.J IJ jjjl 

<BDA ijjl j ^u) ij O*^' , o J 
tanh d=tanh c tan h 1 


**A*S~^ ( 3 ~* J t ~* > " * >lj< J* ^ J 

(y) cosh a=cosh b cosh c— sinh b sinh c tanh 1 

tjc^J ,C-«i >sA~* ^lifc Ajjl j j! ^5 Cj <J£ji *■»* jAXa Ojj^f _0 tkauXj j lj 

»Y ® (^p^ lj ^jpj i *X*m lj A.<kj 1? A aS' 


01 j** 


h a (dj> o!_, ABC 

j^jtAa^Lj j I j b c j tsLf.L^ 

J^) c x j c s *0 lj c j b x j b^ 
xf x~S cuj Ij (y a 

sinh a N sinh b v sinh c^ 

=sinh a x sinh b x sinh c x 

(J-^J ABC <Ji~i..£.» (jiL^f j Aj lj ^ V ^ J-Svij P AiaAa *0 ^jl^.la»i- alS~ . Y 




A 





Aj jZj ij C j 8 j A 

fr~" 7 r <-y N j j 8 x </? N j a r <a N *4 jU 

aS' 4-j.^S^ L* < -uj.r* 
cosh a N cosh b N cosh c s 
= cosh a Y cosh b Y cosh c Y 
n N °jA %\ oT j* *.r 

*(J M ?'t" 9 (j?'®'* j 4 ijT 


A 



ij P *.r ^, 1 ^ *i?> .r 

j ABO j aj 

-*jIj <_j !j JjUL. ^Lt-A.Li 

c Y jC\ <b Y ^ b Y *a v j a\ 1^*1*^- 

aT a^xT C-j Ij -u. 1 r r >«.lj 

sinh a^ sinh b\ sinh c^ 

= sinh a Y sinh b Y sinh c Y 


oT tSj<$* 3 -k^-ojl) ^*1 *kuf.j .y Y 

1 SI I j ijT ij l~—.a Ajjl J J I?* * . S J Lj ^5”"^.j1 oj j) jio l»» 

f* A ^ h Qj| aS CL **»I {£J $*••** ^ (kSto dJ>~jT _$ 

c^it? a 1 j oT iS'^y AjjI j jab ^ *jb tsi jb-* ^J 

’ tanh a=cos a 

aj-ibw L *& if (ct) **•*•«<j>s 4 £$b> ^h/J ji b 

tanh a=cos f(a) 

<3**** tJ cJ-P «^l^Xjs*i>!j <yt«>b .'j»iT ij jir ^ 

a = oo > tanh a = v cos f(a) =m j f(a) = ° *i&T <a = o ♦ify* 

a= of tanh a = ® > cos f(a)= »> f(a)~~ a— 77 


‘-h./yi^O VV-YA . ^ 4 fj-* ybp j j J . \ 

.(sw r d^y. -> 


V6V 



Sr™ “-oo) tanh a= — \ > cos f(a) 


f(0 


o } 


f 


/ 7r\_7T 

\T/ Y 


V f(a)«9r' 
f(^r) = 77 


: 7T 


^\jT*3 




A 



A\ J£“ 


b X N o! y*h j J-5 

• j^'”“« jbi 33 

^T j* ij* 

^Ljj*^ O L***^ Li dM> 

«A,*J # ^^-i2 01* l->* 1 Aj Jj! J 

* j"9*£ 3 ' ^ji ^ J (-*»**} *^_5 "^• S ^'* i &» i 

j\J p* j3^ b *-ajlj j-> 

(SJJ j—i 3 (A S cj^") •*£*■* 

iJ j**rV+.A {J* 1 £ J 1 I 1 J {3 t***5"" j**u*i9 

A x j A^ cS^ajj! j 4r u3 i^ ojb j! b AD ^ A 

^ p**J IJ AD ^ 3j^*-S- iaii. J) j! 1 A>- dj ^^2 \jf T 

3 DB 3 CD j AB j AC (S .-^ ^Jai B jCj^ s-^-r* b A r 3 X N 

jSjU* h j r j q i c j b ij Wb : * b AD 
L; jIsLj ABC j«> b [v^ (x) J.* 

•jJ 

cosh(q+r) = co$h b cos h c-~ sinh b sinh c tanh 1 

oT 

n(i)=\ v +x Y 


&JJ* U" 


^ 1 \ \ cosh b cosh c—cosh (q+r) 

eos f {\ +X T ) = —^± J. 

smb b smh c 


u *u cosh q cosh r sinh q sinh r 
coth b coth c— —_^L~—-_ — —— 


sinh b sinh c sinh b sinh c 

.,ijS j^ 2 &l J.»- i j w>**lj 

^ p+ifs ADB j ADC *q j b^ cs 1 o.?^ 
tanh h=tanh b tanh 1^ 



J 


tanh h=tan h c tanh L 




coth b coth c=coth x h cos f(X N ) cos f(X x ) 

cosh q__ cosh q cosh h co sh b 

sinh b sinh b cosh h sinh b cosh h 
tanh h __ tanh 
sinh h tanh b sinh h 

cosh r tanh l r 


I^KjT 


AjU.* 3 


sinh c sinh h 

3^ L j*? f 


c osb q - C °4 h - =csch T h cos f\X N ) cos f(A,) 
sinh 1 sinh c 


Oy? k 3 


sech a —sin f(a) 
sinh q 


sinh 

sinh b sinh q cosh i v 
sinh r 


4.f Jp j !y y* ^ t** 4 

sech l N = sin f(X^) 

9 ' J *■} 3 


. sin f(A r ) 
smh c 

cos f(X^-f-X T )=cos f(A s ) cosf(A t )—sinf(AJ sin f(A r ) = 

=cos[f(A0+f(\)] 

jJ Ajlj J 3 

f(a v 4-h) — f(a x ) _ f(a v +h) —f(« r ) 


h 


h 

tS 3*“ ^ 4 3 



f'(« 0 =f'(« r ) 

d'i b (_£j! -^Ax jf ((X^) ^ j +Mutjl J 

f(a) = k«+c 

cj? b j i -Xa^ ^ j>ki V l3 1***j j I aS «Ai~.**.di ^jl^Xib Q.^ k oT j Ji 4,5 

*& c-«l jt>*£T y J ^b 4 <X = — 3 (X— ° l£^ *3 f(ct) 

f(a) = a 

f I yt4i ( AS J 

(0 tanh a=cosa 

oAijl jyi. 4^1 jj (jUJLJbi:# jS .Jjj J elj*.A (j (J>ji (j?) 1 —1 (y) (^bfckLl IJ djilij £jg| 

*Wm***>) O b*T 

(t) cotha=seca 

(?) secha=sina 

(?) cosh a “CSC a 

(d) $inha=cota 

(?) csch a—tan a 

JJji jl * JsUj-J Uol jJ^o! J y *Jj^j-? is jbdLj^ji p^obLSjl JjjI 

e a =sinh a+cosh a 

, i ^(_C^<«9 ^iia> b Oj ^y9 Aj 

•A.r^jjb !j 4,ki bui 1 j*.i 

e a =cota +- csca== cot- 


sma 


J J Jl J 


(v) 


, <* 

tan-=e~ a 

r 


^jK*t*Aa*[d J aS £o! j 


of5^0 u*H« 3 4j»3fj^ff<s^ jj o«a<£ ojL> ^5l&j£*«o .yf 

V \-? V ° «Aj-LaTiJJ-A4v\; AiT^jb&^kjlj til *,5"" 4j 

♦.Xjj„u>^4 4.1 hj,!^ ^Iaj_jX*«J> .Jib 

(^ 0 sinX=sinh a/sinhc 



(v- \) 

sin p =sinh bj sinh c 

(Y) 

cot A cot pi=cosh c 

(Tr) 

tan A=tanh a / sinh b 

(v r) 

tan pi=tanh b / sinh a 

Op) 

cosh c=cosh a cosh b 

(U) 

cosh a=cos A / sin pi 

(v-6) 

cosh b — cos pi / sin A 

(4) 

cos pi=tanh a / tanh c 

(v 9) 

cos A=tanh b / tanh c 


sinh a / sinh b / sinh c=sin A / sin pi / sin p 
cosh a = cosh b cosh c—sinh b sinh c cos A 


f*»hk .yr 

j-* l .*..*£ 4.1^0 ii ^^ CP**>.**»9 J 

c»SjoUa , ^.j^^sTjUxsLi o j’k j e W*“ y c~.**>j 

aS*^Z $3 ^ 3-^ J l^Za *1 Ia^Iu *^iv? Is (_j jjils «A»- 1 3 I £ j + v,+.a 3^3*^ J ^ 

ui^i > ^ )j\ CU**I ,^i t—S’ a O^ J. 2 > a, oI 3 ?t:J■> J! J.i-« jlsUx^ (_/“39 

a=e N / k 

(\) Sx 3 ^ S^ x j3~-‘-^ Oj^i> oT j$ 

(t) s x =se~ x / k ^j-s^ 99 &+-"* r 4^ s " 

i5 3 ** jl^j il^ jA a l>m 1 (\) jl j j 

^■M<M>Ai} k ji ^jj +,A*i J -i aS | 1 ^-^i aX£& I^a* (j La A gj twi 

4j ! J Oj ^V > Jjj I y ^ J^K»<Mni t i,_,^^ 

tan-=e- a / k 

'• r 

*>X) O 2 *^ A£+lJO (JJ 1*iJ3^m(.5 *S l>. J 5 


(TO 

sin A= sinh a/k: sinh c/k 

(v \) 

sin pi= sinh b/k ; sin c/k 

(t) 

cot A cotpi=cosh c/k 



(T r) 

tan X=tanh a/k : sinh b/k 

(v r) 

tan jii^tanh b/k : sinh a/k 

(?) 

cosh c/k=cosh a/k cosh b/k 

( T a) 

cosh a/k=cosX/sinfi 

(v a) 

cosh b/k = cos/i/sinX 

(T» 

cos ju=tanh a/k ; tanh c/k 

(v $>) 

cos X=tanh b/k : tanh c/k 


j3 Cj j f i p Lo u**'*^- JJ ‘J? J^£*»<3 

sinh a/k ; sinh b/k ; sinh c/k —sin X : sin jut ; sin ^ 
cosh a/k=cosh b/k cosh c/k— sinh b/k sinh c/k cos X 


•A_ 


U ■* * _ /i, 

tan- =, e~ a / k = ^ 
k—>oo 




k—>00 T 

v *r jm* "w # Aaj Is tfkjj ^*S5 3 ^ J 

A,** axa 3 jJl jL:*J iJfj^s ^Lsi. (jjl^laa**# jk.i ^l&ojlajf 1 _j A«*walXo j 3 jX-cij 

t^3 4_^ k ^ A$”" ij e ^&s,i AJ 

„ «A3* »Xifc^ O J 3 &.*v<XXib (j£ lit J tp~i* 3 Ai -A«3 Ij (_£ lib J^jZ*»3 A*A> A> ) Jl 

s . .r .. **. 


a—>■ sin a/k 
k~>oo a/k^~ 


Aff U:T jl ( ^>1$ 


Aj 3 ^* 2 ^ (l \) JJ 

sin X=a/c 

jul: oT i, jl? i3*.< AX^i J Si A*V i j c£* j*k.a 0 j 

V l -* V , . * l H V* ✓ « 1 V 


\ +c x /Tk T =(\ +a' r /fk ,t ) (\+b'/vk T ) 


o jaJj U L 


c^a^+b^ 

4^3 If Aj 3,*. j3 |«»1*>J J 

sin X/sin]m/sin p=a/b/c 
a Y =b Y +c Y - tbccosX j 



a/k £*>3 ji yjy *&£**»* <Sj^i* atTap Lf .OiJ^ j<* 

lc JlToT ^b-Ai ^ 2 aO ^jl ji jA^a £*».** <A>i Ij a 3-^' (♦S*^ ^ J 

jUalji di>.y»-^l *4 iS tS^J -bl} ‘-r-s^y 0-“^ • "^'(J’a-* 

^jUSijj^ f\ .JuuSb ^~u* i£^ -L^iAp ^ LijAi ^«-Ui! ^ 

Ij <SjS ® jbji ^Iftlksi. J [«* ^ j i (3**^ j <jT ^ 

li—! bJU J-> *£»;*>& C^Lb < 5 Uaj jl j ^ •AiiS" 35 *"® 3 fPjA J^ j „P 

^s*. .c*.*.! ^JdLH UJb b* c£U«-9 c-«£ 3-L?- i5l«^v^ cW^ 

* # 

iZ*+* 1 ^5b-e dUlb ^0^1 u?j* j 3^ jk***j ojb*« «*.*« tAb Ij ablb cSbj*^ J 

j I y&lk b cSU^9 t-^-Ty ,jj*^ J -A.i^tl—J f J^ -b. jl k jb! jb ^ -U«JiLl« J«5 

jji Lj j-AJ 

f^kii dL ^£jb.*.A j.i t£jpj,.Jj.fi> bii {^Ujj.Lu.i ^Cj~ ^ 

l^l jij <Oa«aI fjij^ni <^ijb C.*J -^b.A j~*~* < db»j5 £*} ^‘“^bP 

*‘ i J3^t > J* ^«bt! j.^2 .A&ij.;». < J^y?U J £*<«b. V^** ,> ‘ .P **■*$ cP** P 

! a JJLj 1 ^si. ^A 0 3 / a j bll CX*** I ij? *1 jb {J? O b b j ■i 

3 ^ tblb 3jj^ ji <—T^jbj_j^^ C-aU^ <^j ^b luiT iSJjf olti^i b **S" 

^Aa^i^aI k C^j b „ C~J 6.AJ; a^T ji <.5 ^~b^s ^bj j.-**^ b W.L^« 

4 ^ ft j ’y ,- i *" bj j^«<-< *A-db Iv pjb d “ S 4 x '^'? 3 *jr> 

\o«wib 0 ^b<S <*.J ta J> ^**-Ua Aj A s mm !J 

O- 

al^jT <J^iU ^*1 ba^j b S ol^ C«j Ij . ^ 

■v , _ Airsh s/k sinh (s—a)/k 
^ y sinh b/k sinh c/k 


cos 


sinA/t = j/"- 


sinh (s—b)/k sinh (s—c)/k 


sinh b/k sinh c/k 


juT^ ji ji L>»» S^jb r ^ “k-b^ vI*jIj . y 


tanh r/k^-J sinh ( s ~ a )/ k slnh ( s ~ b )/ k sinh ( s ~ c )/ k 


sinh s/k 

<^1 y C*++*£ jji j-> a_ 3" ^b j jZ.^2 ji dlj j * c? 1 ^" ^ JJ^ 3 w—1 *-jJ^lk* , Y* 



.-bljST d.j k £a*»Xj J <^J J i jj l J%>J 1.3 C*Hj> 

.AjjjT V \ iZ++m 2 t“ j i) t5‘^ >_ cS^- 5 33 ^ ,'p 

< 3 * j* 6^ y j tj c^** - ^llj ji S djk *j ^■‘•’j-s ' *—b J- 5 •«j* .& 

.(k = ^) .s— rS tan 0 ^ Ij :>jUj $ kjj \j 

U ^gJ*» <iij ji S J J.I aj uf** 3^* 1 j-5 ^U-» olS^a 

, S — S COSgp X^.%^ c)t— .j ^ 3 gp 3 * 3 ^ I 

^ ^'P j 3 ^^ ^ L^j L^»»o Ij ^ v 

.— k iog e t k> w-l 

£i^*£»»ke <_£_d^«« 3 3^ •kS' wL* 9**L«>.4 ^,X.b 1 A>- L ilj ^ 

-Cw^Lj b 3 a 3 3 ^ 33 f* ^ X3A>~ 3 ^ { J^ 3 *'- , ^*~ a ~ 3 '*^' 3 ^ ^ 3 ^ 3 >~* J «k.>■ 3 ^ 

. ■ ■' ' dS~ -^-XiT C—> Ij 

sinh a/rk . srnh b/f k= \ 

<* — S*” Lj ^jrf< L.«..9 ^,£,X^~« A.** ^j£> <*~«J {^“^>* ^XpmX^ \m* 3 1 iJLlj ^j„ 5> t ^ 

**.j> 3 'j y 'S>j c -** 1 ^3 k =s= i ^ cosh ^ 3 

\ . y* 

S^-jb <^—*^ j tanh“" s -~ dJLi.* ^kl aS' .u^r «j^*j l j 3? J 3 i —** >i ! cosh 

f ^ 

c*Xi„» ^y^-jlsi- ^_Ulo«,^ s^j 1 ^ ^ ^jiij 1^.^-ji {j-As- ^> . ^A«i tanh ^—o*^ 

Ajjl^ »i^,p jj Ij 





jf J*" JA 

fc.l *J iA& ^MjbWb 

Ia>oAj«aj ^JL#^ ^L_^I ji 

C*S.i As^O Aj 2 jta ^SvX—J *-Uc jjk-J 

(JUj1^1-.J j- 5 l&eilj-U <j^cjLJ.i L» 

OU^j a.dl^-jZ' 


J^a» .YA 


Jk^i j^i ^JUs* c£bAJs^J l)$J jTt,^»4*.Aj 0*«1 e.Aj L«^J b A;^jT 

^ I i^U-4 Aj 0“ ^ b#l a »i*<.V^j) j«,*«S*. I jl Q I C 4**^ A.,U!»«X*,& A.xJ il^<4 Jfi 

a »Xj j !l? j j L*^ 6^jt^ ^*^-' jt {jp l& j£•"**>^ j 1 iSj’^'- a -^^*"* 

^i^.J J ^9 tjS I jA J ^ (_C I ji l A J jj*)b A^^v»«$ !j ^ ^>rn (^*9^ 1.4 

ImAm+S ^j**hjJ J.ii^.9 A,_S” 3 ^-c- 5 J^■***^33v 0”^ • J^**’^,5'* ^^ 2 " J “* ; J_^*° 

^«,Jl c 3J! (^Ujj.:^ oTj *-Uj-iLj 

,o«i 

^} jfcf^ OLaX^e* ja <j*>j£ tJ^iljatA .yp 

plyi<t?c^ liS^^" W ^S* ^aPEa- 4 ^.i<2 Ia» 4 *f >A*«S^ 



y = f(x) 


AJkSJ A j ji (_5 1 6.I2.Z.) y j x wU>.« l —j (ay P u^j* 

,X C»*«! ^ S S H J AP 0*3* ^3^ l —*i^ 

.s+As 3 y+Ay ^3^^ s 3 y &J3** ^ •(*Ax ^ ^ *“♦ 



P ji b QT jPS Q l» b(x-f-Ax 3 y+Ay) Akas 

QRj PR c 5 ^> ,-V^ (%-j QT ■>>** b PR •jjjT ->jy i*x y Q j 
j ST™ Ax 3 PS = y e^T ^ao jk*W w 3 vj u vsb# b RTj 
j-«-i ,j. 5 i&i (J‘~' e .y** c£j.** * Jj Ax 0 yA b t QT™ v+w=y4-Ay 

:^jb b j PQR siL^T 
PQ^U^ + V' 


V's^y (ji*^ 3 


(\). PQVAx' r =u Y /Ax' r +vVAxV 

jj,aL „CU-i-1 4 jjij,j|^l». PjJ J j ^-^1 PSTR *S *Z*+v \^ As*. jJJjU VLk. 

*C ^ a lS ^ j 2 ** ^ {£> I Aj JJ I y) I l? <. 11 * 1 ,*.$ ^ J}’*’ 3 J'b*- ! A$^ j 3 ^ ^ 5 ** ^ ^ Aj j*3 

b xv <y i\i (Ax ^ c>^^j^ ^m T 

^.it A«i i J Ajjjl CuiS* Jjji A_$ IJ ji aiUXwJ U ^S'S 

4 Ju I .1 I ftS>* (T ^ lj T ^ lib i y O d»*«.&4»?^ "Aj J 

(y) sinh u/k = sinh Ax/k cosh y/k 

(r) cosh Ax/k=tanh y/k coth w/k 3 



u = cosh (y/x) Ax 

( d.i>- <,$ ci<^«*l (jpj ■ w 3 y ’ aS" cu*»l ^c-^?l_j ^ 3 j- ji^oT (J^* 

*$ ps** ui-j *ajLj ,c,J ^ t 5 jU tanh w/k j tanh y/k c~-J **. *-5" i^j 
iAaaS' »Ax j I *A.d.^ S jj& 

w=^y —e 

(*i^tj-* (r) *kjij j! oiCT 

tanh y/k=tanh (y —e)/k cosh Ax/k 

tanh y/k = ^J a ” h y/JS r ^ ^/ k cosh Ax/k 
^ — tanh y/k tanh e/k 

tanh y/k (t —e/k tanh y/k) = (tanh y/k—e/k) (\ -|-Ax7rk r ) 

€== \ /yk . sinh y/k . cosh y/k Ax T 
aP I?KJ T j! tj%ti .c~*i f Xj^c j! Ax CAo*> n >' l V4* J *!> 

^ 4 '^ e j 

v=y-)-Ay—w=Ay+e 

.asIaJj* Ay j v ^ iHxm I ^e.!^ IJ 

‘—■•si 4* PC j > J 3 J As 0*3^ {j 0 j$ J ^ AjIj (\) AjMx,* Aa O 

cosh (y/k) Axi As '+--*■?:*v 3 11 3 P(^ kS 4 aj ^ 454 .^ 

^jjjT c*^-Xi Ij pi$ji j*> Ai j jt J Ay j 

(ds/dx) r = cosh v y/k + (dy/dx) x 

k~J 33^ C}-^* O* 1 3^ JHMJ I jjli A (_g \ j2 J^Z.44,2 d^SfcwV U 3 

ds r =cosh v (y/k) dx v +dy v 

l «3 4 a^a^^«o 3 £? I ^ „ y y 

> — —“ «• w ( ^ u^J— »»__,) A / C A& j ei (J ^9 ) lA hi ol^a^Ws-* 

3 Cj^hs J ■“* Cg***! ^ ^ a.^*a 

ji J 03 J4^1 f* J* ^ J r jl a^JjPC" P Cj lj^s,.*?c-e Jasx. 

* j^« ^^h.2 Cji^a-'-^c.a J A (3^3^ Ls'Z'***^ ^ A - *- A.J 


ji 4„P alj £)U.ih A—j 






At 


r=f( 0 ) 

j) aLuJ (,\f J.&S) P 3 f JLSb ^Jzi CjI^xX &cjo p (^! A««< A__ hU. 

jU.j s 4 b AP urj* <Jjk <JJU*L* c-ol* ^Ukl^ A J *9 J r oU»^-* L-* 

3 r+Ar ^ 3^ t^s A +i s j r Iaaj A 0 * j * ^ 0 ^ ^+b . 

jliiji b (r+Ar * 0 -I" A $) ^lAksi Q| 4 ♦ s j A s 

p+ S*i t j w 3 v 3 u <sUtj~ (^j b OQ p Pj! PR - 5 ^* j PQpj j OQ 

m A# j-ft «i^T OR j RQ j PR <5^ 

PQR+*b J, (*h * 1 ^ : * j% 

(s) PQVA^-uVA^+vVA^ 


(_5> Iaj^z**.5 < Y^p Jo jj j( 5 >o I j ORP 3 - <•— »k «4 cS ^ 3^' u=i b J 

(f lj “ > 

* a/ i ' sinh u/k 


sinA 0 


sinh r/k 


(r) cosh r/k=cosh u/k cosh w/k j 

^ *^7 j j’** k sinh r/k 3 A 0 3 xx aSA^^^.* a?b«»j j's ji 

a/ j 3 ^^ A£jCA«*ii j! J 

r~w+£ 

^ A $ ^ 4 w***} 1 ^ 1A*o ^>»c I £ i^l • # 3 ^ ^«ti*4il f.^ j 1 oXa^ £ 4^*^* aS^ 

AfoT JJ^ A 4 

cosh (w+e)/k= cosh w/k cosh e/k — sinh w/k sinh e/k 


a**Aa& \ fi 1 fs 



tr C 


jjVb cj"C-**3J j*"***^ k ^ ^*‘’***■*1 

cosh w/k+e/k sinh w/k==(\+u Y /Yk r ) cosh w/k 

er=u x /tk. coth w/k *$ ^k 

*kjij ^ji a : j l jij <kUj ja db ]l Ar j v «i&*T 

, v^r+Ar —w=Ar 
ds x = k v sinh r r/k d0 Y +dr Y 


4L?la«&& ^kseJU 3 ^A^ajo jfj£ 3 ©£ja5>W) *Y A 

<_j" J J ^ J*^ * J 32**^ Cl*-*"***® _$■$ {S ^J3 aM j *_r ^i.iUT oyfi 

^*AJ C-J J Jjt*^ ^ ^ J -k**^E-*> A,**4 iL3^.4 J J -.-v- »S C^a-ha^CJ # 


r=a 


* r® 1 - J 3 ^ d**<f4} 


(0 


C 'JJ'» 6i' J j 

ds x = k' : sinh' r/k d0 ,( -|-dr' ( =k' ! sinh' a/k d<T 

r ^h 

s=fk sinh a/k j d0 = rkwsinh a/k 


aJ^U* 3 ^Jjj ^".5 CjI-^.Hpc -4 A,*.3J Aiitfl Ai ^ l 

y=b 

i?c^ jl ^*#3$ S t ol£o i U~o kai. 1 & X ^CS*"***^. (*-./• ij 

«*•> jl kkj A*,& jvuu+a A^^ls I3 ^ ! 3 f Ij 2. k*iJ( ks»»^j ^jr 41 ^j3*1^3^ A^"A**Aiy? Iaa-Ss 

J^rAM l.A.^4 

r a 

( Y ) s=cosh b/k / dx = acoshb/k 

o 

Li (wAM lbAiAr<^ m ^ > “^ S j ■« A-S”* A_S" 3 

jljK; I Aa «4 IJ ^^a?ca<<j aJ U* ^ ■j&> I-vSx-^ejj j »5 ^ X j *5 

AJJ; ix.c Ji Oj3^? # ^.Jij3T l& X J3 ?c - <i w*~U il-MUel 

1 e x / k =coshy/k 



<3«■£** jh l»- (x ty) tl 1-u.a j 1 Ij jjj! [j* jji® *fjT 

dx=tanh y/k dy 

.y 




AjjejUj j3 J 


s = f cash y/k dy 


U> 


(r) s=ksinhy/k . 

Lz^j U ]<£ aS^ 2»J ij (&4^E**i jjj! J.s». Cj j j.^> ^..Sd jJ *A.jki jsL JU-«<*.9^*£ a-.Uiij.sL 
J J«5 £ j I j3 d J* 3 < § jj -U2 «»&! j^»- 

*$ * j£ £ 

»a>. ^j j^.^j cl*** j(3^^uu*u! j u$ ^jj^ 

e x / k =cosh y/k 

^ JssL b C*«.l 

e-x/ k = tanh y/k 

0>*aj 0^ ji o^t^A^i J < i ! JU-c! C->l-psaL^t-a J jsts-a U Ji J-* 

J3~“^ jl .(f) 

y=k sinh~M 

j.«£^.a ^J.«^7ls»- u— aa* Ia-« j I Uji-a 1} 3 Ua T^-a U-«a4.Uj 

S = k 


JCi^ **j .y* 

Ulp^i . CL-i'A^a I a^ji 3jU-*Ea a^ii 

d*^ (jj j,1s>Aj ")\..«{^ *$ ( jJ^j\S j! *.'•%$ ^ki ^AaaIs jj]»4j 0-X£ 

-^a.« ^ j ^.ii t «Aj -Ajd>j,^T* >K*£} j£* 'y'“y U-aaaaJ? J ^ j Ij A.S"" Us I I jl ( ^ jaa^-c 

J ^l^v.3- ol^UjJi ^1 J A._J ^XsLi^ jJ jl d*ci Caw i <j,s- Jj __J l»» J 

- X ^ -“ T e ^ 

? A U»*A-^ (y) jj^J5 L (f) JJZ** A—jU^> jiuijJ^' 8 ij ^jij (j-d^ .T 


w 




A, A 2 


, J' X f Ai ^iumjjJ ^S*<AjI Is 

3 ^ 3 ^0 j* ^•Ass* ^X>zZ*9 ^ j^ ^j 3 (af J^«) ABC «*-j^ ^j? 

^VCjBjA*j <j? 4* I*** jj_j». v _j iui- C s j B. 

*i .iftT b l$.£ l**£ ^j 1 j.«.j ^Iju^f Ai As*. « Za ABC jl j* £*h 3 j?j*p*> 

^ ^ ( 3 3 ^ j^jx^l«»« l.*4 jl (^<Xjo 1*j ^1 j^xs- 

4_j cJ.jjl3 <_£jLv,;U uX«*4A*& <_£t^iSvJi <k*S C-J fjA.+aZA 

^ p&*Jij* 

ABB^AJ^ ACC^ A N —u^y AB f^y AC 

<S ^•‘• u ® jSti £ 13 3*-A*^ a! 3 AirfSb. ^yJvAj 6 J I «Ai I j«j.AAj ^>«»Mij A\ B d i ^Sfc. 

-J j,«S £,lzs Cy j A x ja 1 j ^3** 3^u?-^ C i A ^-g--** 

*A<£b 4d/j| y l^cbui (5 j! ^Ux^l A^C, ji ^ jb .p Q~*>$** L ^PtLo (j;! 

filftT f^b A N Ay j AA^ <£ UaI^iU 
ACC^A\/o^y At~H J A^C^C T A^/c/ , y A^C N 

i.£**At*,<9 jf j.l» Iax^ >S ^i.X*S 4,^1^ 4 .Ai I/O ,* AO""^* 

iJ^xS J^j ^SaUSCj «u !j 1 $jT ^i?lXL« 4 ^I^ZjI aS^ I 4 ..Cb%«<£ J| ^l&ajb J <S^*- 

b?“» aL^U Ai i ^KL \J*3$ (J_a3o <X> Sj } > 



m 


A® J^’* i 



c*A.**i y a!) j! e^lix*.! U A4“j^ 

Akjjj jl Sx J S ^kUi« j5 o 5 * (a 6 d x ^) A x ^ 

<A X —s f(x) 

* 

0 J~~ ^jjl jil*J . J.J T,,-« (.5^** V J-;"*■' ‘A X J ' t'{ X ) (n^ J" *A 

A y =s x f(y) 

„i&T 

A x + y =sf(x+y) 

j ^ j 

e x / k f (x)+f (y)=e x / k f(x+y) 

j us* S J y J X ^ a lx-* oa tS f jc 

f(x) +ey/ k f(y) = e^ k f(x-fy) 

Sj f(x+y) (_/■?** 

f(x) / (^ - e - x / k ) - f(y) / (\ - e -y/ k ) 
f(x) = C (\ — e~ x / k ) 

i_ia,'^jI l-ju ^Ju£ 4 ;^ -Aa. d/ c_jI?c^> I 0 <At**#l <jA*ilj c uT 

A x =ks (\ — e~ x / k ) 

aIT^aAjO X£i tj § J A &$ ^*j L»* <_£ 1 v »i 

A x =k T (^ ~ e- x / k ) 

^*4v ^ X OjZ- _? 

A =k x ■ 

oo 

J S tfljl jA A; t£-U ^£**n£5 <*..■£ ^ ^*S***ti ^ ui^-s ^»45 I ^ A#fe ^ I 

£ j }~ ^ aS ^ ^**<**1 & ^ 1 fcX ^ I ^3 ^ a $ 4 , 5 * 

•J^ij k Y 

^5kA^ Cj La^-c , ^ o 

£3 A t A^*-V i ^ ^ JS *-U r^ ^1 ^ y \ i I 1 

^ L Q ^J »Afe , c Q *A.S cA^» i ^0 ^aS"^ jiAoT^i ju 

Aa^ l»4 J^?t4 y^Afihk V*€%fc&(&A 0 dLj 4,*^. I jm (jg'U^ «*•; 



A? 


^jjjp* 5 '* kki jl 3 ^*k«* O O 5 (a ^ 

^jfcfjPeF AkHji jk)J.S C-mJ £2 J -4 ^ ->J^^ 0 ji *£ 1J OH iS-^ 31 * 

^£il*«^!«^-«! J *Dj^ I J JJ'^-s ta '^ij^"**‘i fJ OH ^ J *’(^ F)P P 

^ Ji**^ $ I J OMurjO OD tsV,jk <Mj-> ij OH P^ jS 

,J ,«****&> P ‘ilzAi \£3 a. ^LPqLa OVc*I&** Tf J £ . JwsiS" j1*i5s,«U Jj J 

J 3^""'® 3 I^SIa^E-G I iJi+A ! J (Jj» »Ajfc i-0 k-jl«^.Ape.C J JJ?E.-0 _j> .3 

*>\ iS^ u&ei* olytx^ j! J..UJ ^ 5 ;f jLr^l jfj&u ^yjjfk ji U x 

^3**p**} OO ^j,^.£- ( A ?j5ks) P p J?\ et^iT . *JZ***Ai 1 j 3 Ol-yaXie-a 

*S ^j\3^ s !j PD c^j* o>>» j. z&IjsL p 4,kii lz-^j PP j c-i»* OF 

e (x £)/k_ cos k yj)r j 7I==Se ^ j s=Ssinhy/k 


ji -Xj^^ OjLc 

|=x—k logecosh y/k 

/ 

T)=ke x / k tanh y/k 


l£ j*£*C , ^ \ 

Ol^*i«4 L j^aXS- jj~*v3 J,^5e^l^ «U.g.i 1 j* ^ 

j »)j^h cSUkJU ( A y J&3) P(£ t rj) \j>J ! -k} ^L; 

k£«Aai» k£^4 , S' ,?c ' ,, ’ a PO ■A*aS" iJ^jZ , U j\ jj>l»jE.e <Kki.Ai Q (J^ —|— \£ i "Yj - jr- 

J PD (£^z* Q12 (jkj,j f J.xS^ ^.ks j P 1 j OH s QF 

jl^! ^.k« ij PRQS ,*ajU ■'• o 5 ^" N J S ji Ij OH 

<<A&T .p*'£ 


\vr 




AY 


o*y PS=^ At] . e' 


m 




** PRQS=k , Arj. e~^ k (\-e _A ^ k ) 

' ■—' A^/k J 6 ^ (j-; ojlij A.) AtJ J A£ 3 Lp! 

U^v" J - J>~» - 1 * jJ jb ^j-* jl 

(\) 


e ^dlcb] 


tJ? I T jf 


(y) d|=dx —tanh y/k dy 

(r) drj= e- x / k tanh y/k dx+e x / k sech Y y/k dy 


isj-aljfcsl 

6^j jl Oaah'Aj 1 | j / ^ ^ ^£9 J 

U 


£***'Aj 

d| =« 

\J°j? ^W?ji Ij y I # j*jjl5o! j S A;u !j 7] j C*j Ij 

U ^ eA A? {■*£„ 



f*»^-^US'® 4 *~^'“* A T 

: u 

t-iAs*. ! j 

dx J 


di 7 = e x / k dy 





J* ‘■'•'’j,?* 9 jjd 

Al 

z 1 ^ A C 
VV ' 


(?) 

e (x -^ k dtdy 





Lf”* / Y / j i *Ai 5 " ^a.j y AiS" 




d|=dx 





J-* (d) ** C* t sU (f) j 


A VF 




(6) coshy/kdxdy 


.1 jj.:^ 


Ol^siX^e^Aj toTjjlsc-e ^.laij f Q j y J X ^ (aA J^) P ^r^LfJ 

.^jZixtz* x,i5^ \jf j* ,j«-u>j Ox^ ^ 3 ^ ^ j QB j PA ,- l >A*ib y-f~ Ay j x~f“ Ax 
dd i j*. d ^k? R. lj QB (3^C ^k^ 3 "*j ^• j ° P ji *d ^ I 

wij f^.« VA (y) j_^***^ j ^ ^j S P A, ^ "*j \^y Q ji ^ 



^y PR = cosh y/k Ax 
^ j-i PRQS d^ ./>** *-> Ay j Ax dW 

cosh y/x dx dy 



^^<*1x9 W-J J j^AaP 

^iAjT l^*4c*Aj C^) d-^dJf •«rf''*“l o 5 ^ 
fijSt^y tj*si d ^j*d ^ 

J.i d^jl j _^k Aj I j dT 

.(.jjjT 

AjstAJ A ^ d^** 

Q 4.kJai J 0 J V Olya-lt* *J P 
0-fA0 3 r~{“Ar oi^^-o 


P IjQ *kii ^U-5 P O i 4j ^k^jb A&XJ& J»J .JjUh 

^5^'R d P “*J'^’{j-* Q j>i a.r%rijUft. ^k^b j oA" £,k# s 


W6 



try PS=k . sinh r/k A0 

j^a,’^£. «bI^Jwk***..* pj_ 2 *s> a.j PRQS y*? Ar j A# 4 <J j>- 

>A^u lAit 1 J2*“ ^/jAvk. J 

(?) k . sinh r/k dr d$ 


*AT 

*&j*> •(* ijj^fj* w—** b ^ 4 $ jj- a^-« A j*?** I 6^«A.p«*.9 (?) j \ O^U I ij 

O^jl J!> aJ^Iaa 

r=a 

o.T 2j£ u^j* 


_a r ^h 

f k / / sinh r/k d0 dr 


T7rk r (cosh a/k— \) 
?7rk x sinh x a/rk 


aS~ uam! 
y 6 ^ J Js A: b 


^ra^ aj I^5** ^3’» i I^ 4,a» ~b b 


^)ja&v i£*a*? «Af 

b J* j?*^ 

c-4^*** b oT 6<ii^ 

(♦^j b AB 2J+.& o j.$b$) b_a> x j_?»=•* O-^s*. j3 &] jZ>z}^ A,k,23 j«i 

♦ pC^A^ U y jj9rajI 2j0fi lj BC 2j0.fi j*\jZ P j j B ai j>b)2 aJ za> j i f ^.*12 ^ 

*A b c5BjiSoI (^l^j, c*«I sJZ ^*l«^jl4a» <£b OABC (J>^“ ij*v 
l^SjZs I j CO j BC j AB j OA *-y j&i &r j2 

j$ i j ABC ^ub .3 ro. j c j 1 j a b 

CB j\ P o y* tsUkiJ jTo^jjT c-«^i ts I y jbj CB aj 

t^b» «f ^i\j^{j* ( -2 as*- l j OQ j t—Asj lj PQ j jIaa^i 

6sJ XLlj j! U 4 OC-m' j QP=y j OQ=x * ^l^ OQPC 




X 


1 I ^ ^ I I |>^ij is ^^1)1^4 i*Df»i 

tanh y/k=cosh x/k ; cosh m/k 

• *Aj I Oj £<p jjjt **.i aS" ob*J L» b 

sinh y/k=cosh x/k ; l/sinh x m/k— sinh x x/k 

OA.BC iS ^^4 j^ v* jt 

r a rY 

/ / cosh y/k dydx 

o o 

l)jI <Sjt ^^f jl ^j 

~a cosh x/k 

k J /sinh x m/k—sinh x x/k 


dx 

i 

j*_j 3 i j I *Aaj 


, r . sinh a/k 
k x arc sin ——— , ~— 
sinh m/k 


&S V\ j y® 1^1 ,j!J.^lj 

sinh a/k 


sinh m/k 


tanh b/k=cos/3 


*r 


*-« OABC=k' t (y—/?) 



A j Aj li AiftJ j . L i l^ b ^aS I 

a-T ^ j^S^l*# ^*1*? j 14^ b o* 4 *l j j i o-J-*-® j& a!T >a0 o*j b f ^ y o **><***9 j a < Ao 
^*,1^? jt4>. jib L*f ,O*b^*0 ^libAj^ _) ^-^aAJb-* t—i J,^L jjtjj jS^jUT ^UajjIJ ^ *.?E-« 

j! jT Jo^b v j jj, j A w*bu c$UAjj1j 

<Yk* [77/t — (X+jut+i^) /r] 

k x [77— (A+jn+v) ] i-j 

.jbT^. 0»**.»Aj 

0*4 b A .5 •AiO^.o O «-^>3 «A0 6^!^ 0*-«>‘‘*»? J<^ aS^ 4 .* 4 ^ ^ a^ ^5 ^i,iRfifc* I ^«0 

. 0 - 4.1 k^ (_£j$ e*A,$T t?ei T a^ 

AJjlj 0 *i ^ J U^ ^j* ib J jb S j c^l#jj 1^ ^bo r A?" ^IaUjIj aT40.$~ oAj . \ 

t - A *“^ c>d^ •XXS'^ -k^jj.» lj i^J-® uT <£JjiJJ iSjfi'j** 

s — k^sinh r/k 

; olwXw <0 jS^J OI.« 4 b£>b<a j I ^jjAo <^;La j jZ# 2 aS^ JOAO tjlOi T 

tanh x/k—tanh r/k . cos Q 
sinh y/k—sinh r/k sin 0 

(?) Aj . **d^ A s (&) tl>-*b j?~** ^j-> \j Y oij** Jd^-r* • T 

♦ *bO-H jK, 0 * 4 >-*«^ 01 

* y — • b aX*aLa^a p>*^-* aJ^1a3 aS"*^ ^Lo^ # 

sinh r/k . sin^=sinh b/k 

• O’LvSXpw-s jA j 

Tj^ke^sinh b/k 

tj x = a j x= ° j j U x jj y *= b (£^>- jj-s.j wj-c^» ax^*j . ^ 

=.-^djj^ O*** A J 

fka sinh b/k :v* j ?| 

J Yl cpU^J- 4 *-d c syj *J ^j4ias»» A*kS cSjs-^' l_j . 9 

,Ajj_^T O-^A^ } jj tj^X>- 

U x jj»«- j j ? j jo j_j ^So ij e x ^ k =cosh y/k aJaU^ :^Ua&1j 


YVA 



.-ujlT U-J ij x = k log cosh -i 

K 

[rk* (sinh 1/k—arc tan si nh l/k) jr] 

j l—* y jj*** j I—* x j sl>^ j A.1^0 I j-SCrj i L } , y 

c-*-i I dJ U~* jl ^ ^ £~-l b x a_T I j e x / k —tanh l/k : tanh y/k 

. \j.^> 

*• * * 

[X==n/i k T (77 /y— X) iv'jr] 

a~^*j t5_JY v f**^ ^-—J ^ I J~^ 'j* l”i »A 

• j* Aj j S aj ^A»- tj* j* kiJb (j^j 

[k Y sinh l/k = ks :v »l^ r ] 


m 




£dh*hC 0 (aJU«5 


(Sj-S jji fjl j 1 ^ ijr^i ^ 

* <^ J 9 ^ -2 ^ ^** '~ n *‘ ^ *J j 9 *' 

i$JJ g£* A—> (1)^ O^J J . L~»i 






Ji-JbO ./0 

J 2.A9 y ( tiij A,)a.&i jib y I A — 1 A**«A*& (_C 1 

CLt-A*? iSj** J® (3? jl J-^ ^ 25 *' ^ —1 *&"(jl k:>* < dJo 

tlij 1^ ^ Q y ! L***^ 1-*^ i ^ I Aj*.' aJe 2»&3 dlj y ! aS** ^,,,^-p' ^ y* A.& ^*^ 2 .^*-^ Aj**A*,& 

lz> j^j A| ( jL^.»:*- Lj j^.& I ( a5 la*«^ I , (*"“0 k»»> 

k*. L *S XJZS (ji jJ^«J Ja>» ^.ij& Akii dlj jf aTc—« l ^j! c)T j f^jjl^^s ^-o y* kJ? j* 
^ U? A>» jA^n Aj J i j yf* j9 ti J J ^ i”^ lj V»k.k*0 QjS « lj j I y* (£ ^$o ^ 

J Ai jl jl*S^ ^f*£ ^-0 k'A ^yj ! A-.^ I J ^ ! ^>44 »iAa& tJ ( J^.1 £ j 

^ j^Tt^ij A y # iXw*rf**il3^^ i) I y ^ y A lj i • **• ^ ^-^i ^ Ij T 

^£JL«S j J t^l^J jlf^L* p'Sb lj \jf^9 y£ L?-^ a5" ^ £*) t ) tw aT 

^5C,j ^ ^ ^5Cs». oto! A*ili ^&Ixa^U c^«atj kft . ^I aS” - 

(aMq+ai cJU«. ^|! y$ L«1 c, w**« 1 y~l ^Ur oLa ^ y fcS.*' d^PCA*si J| ^ 


• Y J-** 



4 J.1 1 oT 3 ^ jU. ji g3 \3 (^U.kil ji 0^ y ksl. dlj 

U 4,r^ )^j to .c-sLIm <jUU ^k U* j^i-« 4 kL7j! ji I j j 

Jai c *5 / jl^- Wy 

-1 »|.-.l: 


4 ia^-A** 1 . b»»*«^ Li 

W 


(t3 k. ^ J ^3$ 3*^°*"^ ( ^3 l.ftx*. A, AM ^^3^^ 3^ ( ^ La*U J ^.«wS^ ^ I ^ J?* kj 

”^ 2 ^*^^*® fj (5 y »k>» O^j^ IXn^iU ^ (j* -^ksI |»Xaa <,c^.*-»S* 

,C>«*\ V ^*A) k*.sL (J-^4 

^j^bAaIs I a.*v»a.a& (5 3*^3^ ^■•/±S£‘ 4 (3? jl 3^di t 4# w \x& (5 j-tM f- 3 ^ ^ 

ji O^* J 4 1^4# i OiA^ (_) T ^ Life" ^1* t '’mmm~ 471 (5^ J I 4 V 

J J'^ 3 JjU iS i *f * 3 . 3 ^ 1 ** lj U *S £3} cj LkJ ji j»j>ia. 1 J Us ji 

. j^- 2 *^ &.*P J& (Jy jl ji A,«>tA*,& Oj L ) ~ ^3* jAM i jjTj^l^ll 

^J,^ | 4 *A.& 3^4,) <^+am£ LT I i / C A>iUvkX&t A.i ^aaiiXaXs I ^<U(«Aa& J i ^lAj Ib#S 

(^ f gAb^T* .A&j ja. i, ^^» i i ^ 4 1 ^ a..u,bXa£?> ( ^,w ^p 3*^ 3^ 

O-m ' JksL jU^-« JjA^s oT 4 3 <i.X 9 ij jijU ^-^^y«(^ ;; ij * <^JUA £\3**3** 

t 3**} JF^* ^ ^ ^ H 1 ij ^ »Aj ^ 3^ 1 . 11 b BV ) J j IbW { V.* 1 b 1 } 

aS" ^,**J,Jii «A.*aJi<b j»^>.) (jT a* 5 v! ^jjl j 3 JjU .5^Unii ^jiyJ b ^4.^1 ij 

Uj 3 t«j US* ^ <P ^5C^. a ji 3 % < Ja*«. Un^b A._.' j 3 *& 

j& Lpc^jI j 3 A^c^T jl jZaaa/3.3 ^ j*o« ^,oT 

4 <ix*iu f kiT* i^«s^ (_J Lf U a 5* t i IjUsbq a,j An^jk) 

^UaX^jW ^J-^3^5 ^3*2? 
bAl^rj*<© 0 *^j? 4 k?U^ 45^3 

J.*<iiA^ v^V.^.i^i.A^w* p yp^i A„5*' ij3UT ^3^S i VUj J^ aS”(5 JtZ*^ 4 

* jf»B@ ! j 

4 ^_^C> VsLl ^»*^A ■b_>.jjiX) k a. rL t ^p j__^S ^Jx^ 5 1 

JasL ^ 5 J jt B J A afj.?nJ^ Via. M ji ji ,J>^4 J Ja=^ (^ k J,5C^^ 1 




. ^ 


u\ 





Jii l^ k »». j j Ia,*,*.*^ ^ ^'' J**’* l*J »•XwinS^| ii J O ^ ^ (^l^laa* 

^ 9 Saa) irHiAoO B j A cS‘- Ai —jj^J AOB ^k*-* o _$■»- j ^ku? O «*kU 

C f B J I ^»-* f t»J ^jjb jA J * 0 AB ^ j& . Y k>OB j OA 

^y<s* <ykL 0 OC jTl j (j^U AB <^jU BC 
^jj*u^ij,^j! ji^So ij JOB 3 OA k fc^«‘**>i ji *<*-*3 | ji i^*x *1 4jAfi OC oL«tj 

P j 3 j.-i *C~\ jki j$ ^ksi. jl AB «AkU ^ks* ejb el ^j& *$ £.>1 Aj 

^ ^ ^>iW* ^ ^ ^ ^La^Ci^ J^fcAjw m) a>-s mAB <53^ AP oi;^ xsb ] ji ^uk^ 

*B jAjJ ].ji t^bjjAfi -ZjJ*- ji *k A) <0 y, J^l 1 ji Pj-* *& <£*£+■*■ el&T 

OA b \Z*A**S I ji OP j J j 

Qn-\ ( ... l Q^ *Qy ( Q\ ^ kUjj -A^S" iS 3 bwa-OS-^jS* 1 - T1 A j i j A B «AjO 

0 o^ *•—% i j.& i^,a*. ^ki> O i j AO » 5 j’^ Q j^ 1 3 j.a~c 

**■”**•“'^kij e^-iU ^jlsi. B jf j ■&& ^J* £-ki> (^l^kiaJj3 


*^~'“'“ ,fc ^-.?■»_...* A -k" 4jS*4^ jl)Ll>- l^lasfi- sAIjT J ,J$\.£ Jjjl ji , ^ 

i«,Jlp . A-*-^-** IJ tJjijlXb AjmJSJ* j ^.♦•'A.jJ.ii i^-U-Si S j iji \ Aj <_£ a~4aj& <j;l^JU>- 

^■s^ 1 -j^' 3 ,^-db*i ji jSkASk Lj L r iT ^L»aLj!j j caS” o^l 

aLjIj O^b (jl-*,J .1 ji „ -^i I-*- 9 ( j^- > *-~ w0 *—j k tJ^U A^ii 

« *4 jl I l^PajT" 

ji ■ a .S^-u.«»Ij 6^ jb>" c3 l, “fljI jj B j A aS"* u 3 A&l j^j t y 

UaLaJ ji ^$k oi Ao^ j p k ui jj^-* J6vi! ji ,jj Jasfi- dij 

^■j B j G j A «irj jj 4* j*?-*-* l^=4ji ja ^.5Cj *_^ur ^ 

, -XXm> l-^i 

> 6 C«.^.»**i <—— ,0.-*>i ,jj*Jl*.j a^ 44^> (^i jJ ^ 4-j.iSI ^.SCj <_jIjS^ f j*.SC>- ul*jJ «Y* 



Is lJu (_£} I 3 *A^i uloi tj ji ^ J t t J! 

AP j AB _y& *£pi jf'j* <^9S S ^3 j^jilT (JV-*> AMI I °lj Orfl jl O.J*- ,c-«l t5jl^- 
jt\jt OP 3 •A^ «A&t^afc. Q ji ^^u> ^l^stol P jl A«^«A<U>uI j j4 iAj$ j!«Aj i 

<A»*«U j A«,« l«i ^jiiAja J i Aj t A.) P A P ^5 ^.^9 jj 4 J*A&t^s* OiA 

J ^<0 ( (^j ^i^.X<4 J 

<A^2,AS dj *hs jy* t ^ ( M ) < ^ ’ J* ji ^,-S IftO 

fk {X& oT ^k? }j ^ki. jl *k Ai *A*(j j *1^, s** wWi |® U 

0>A^|jp* k». {J I ji i3y£ ^ )L*.^ksi- 2,9 jt A < 5^-yS Aj 

<*.] A,r ouu jj t 

jkj l j u«^j,*.& jl liij ^ tg,xj 

A-*-* tSb—j ‘A.SCjj ^.5C„: ks>» jl 
ji Ai^dlj k».. jl u^ks A.1^U i^ksi. 
Cj !■—^ I j iS '^V 9 ^9 I . cu« I 

^ ^ jwU J 1®J 

<A.S (j ki ^ 

1 Jaai. t^ks (^ Y J 5 ^) b O 

ksLjJi .^jl^jl^ 

3i«A».*i O k A^ b OA. .3 j,5""uXx&,ij.»» ^ks aj ji j &} 133 A b 1 

c)l^ J ^-^ b'^ 9 3 B A^_i O j ^ t eI5^iT »c$3i , ®*‘"^ /\O 

Jjk-Aj BO’ J j JflaL dk^i Q ; J Bi O J (J jJ 1 ^^ o'B d^y 

^k^ ^S £ tXf\ 4 M 1 ^ <^k «^3 cJ.^ J O ^ f j I '<£**$ j ^k Ai I 9 (" 1^*44 I ^ 

^ tiij 3 ® ! A i^*k£ ^k^«. ^jT 

k ^^^®x k i y> 3^ j^^«, kI jSj ^k*fl.)^^ j^ 
k^. ^ i’^j.2w (J dj I (*3 I * i>J) 3 ^ 



Ck** 4 ** * 


I o 


O Oi> {£\ «^,k-aJ j3 .-ki^tj at j-^siksi. J>^^) IH J 1 JUlT 

q ^jksL djb O jt t«A*iI Ji j Jza. jto ^jj t ij^S J>Z&ijsZ, J* 

j-i q J_jk^ OD 3 OC 3 OB 3 OA J u^ 'j***i .a 



-£■ O rn 

n 


\r 

i jT ^ O ^j* b o y-$ u ksi- (£j j D j C j B j A 

jx&ij.sL <cm.I n j»ji u-^ks a 5 ^Xkxi j^ni j 1 ^foT 

‘A.kjiJ ^ j dJo (_ 5 ^*o»X#A kaw ^^ 

53 3 j A} k»» <aS" C 1 *-«i S J^T O' J ij J 

^p q c*J k^.-o ^**v 4 1 , 3 ^ i Gjk_jjJ)>> k ( S <£**•<*> j j i ^ J k *^3** 

db ^ks jj 3 AkJw _jd tjT ^T*I *f I ^ J-ll^ ^^>.1 rj^2>C'M>.« ksi. dij A«. s a& Akb 3 ^ ,Cl*.**! 

^Aa».I ki^ ij t^ic^o ^ ^Ai j^ iA*4*tj kf^ 

l)T Aj i j I 

(AJLX. 4 aa^(3 *^^ ^ j$* t ™*^"**3 i ^+**»****} {J* j^*p£x*& A*# ^ 33 ^*^* 

aI i+j) j^t J$ ! ^ju ,jujL«^* ,^L "*3** ^y uT *A/»k£ Ij dL». jf {j8& ^U 

Jo jt j 3"^ J ^ dLj j& J1 }ji ^3>. j k*. Ajjlj j&i k A«.df3 q j! j£*.5T^J^k ^dk«c 

3jAae^j ^j'gT J Axj <^Lfco jl-As I A._ ^ Jwij A 4 * JiS .oT 1.6^ 

.£*jP** oix^it Jj}i ^ i \ o j \ ^j j \v cSW*^®* ^iAlj Alwb 

I 

-*la>b .AY 

4,JJ A ^( aj , (^.las Ja^. jft Vb ji j* l) 

Af ^ u L “ # j^a 3 I •Ai ull*-** i J ^frjtxfcJ I J d jS" { J? 0 jb j 1 «S ^S > 3 ® 

& j^ kJ .) L^ji <3^J ^ ^ 3*^ * f <, *k^ ^ ^ ^ 1*» b i J Iaiw ^J1 ^1 Aa3 J 

& J*mr£ i 3 • *A^ J J J *)/Ti. &G.J& I J I ^ mAaaS 3 ^ 3*^ ^ 3 A«<4»A 4fe 

liii aI 24J 3 } <3,1 jiT^ 4 ;TuT y ^+.£. i^S^jyi (3 j>i ^ A,*.A aS" 2 jS 3 u-^ks 

. ^ 0 C-*-*-"*■* ^ Y U«J’*" > ^ ^ 

^jAAhAjjIs 1 k Jt,**aAiA ^ 





r ^ 

fJJUjL lJT i'tX*jVta^jA \j O )ji 6 

^1 jj uLLi 4 j 4«a»A A**4*£ J *X+*i**fi& **.4 6 J}> Jj* 

■h&A$ ^ I ^ jjy i *K*i*yX#x& 1 4 r S^ imfiB ^ U.lk^ I 

4,44bA**& ^ j ^J| J I l-4.j J) j ^Ja*« tilj iS3Jjt aS CP*«' ^_$bi.}| 

, Aj L*vy& j*^s».1 3 ( «AJU l*.fla ^- 3 ^ 3 ,.® (_C 1 £ A*4 L* ^d4dA<»A ^^^3^ 3“® ^.k-M*.® 

(Jj^J^.j*Ai& A$^JSj^^u <51^* F ASk^J hAa!A k^ 1 j j%JI ^«Xy#Aj 3*^2 ^j**®3 

1.^4 T^4 O^JP^- - ® '3 ^• s *‘Aj»k ' A**3.X& {$ l-^ek** £j£3'k y.4 A*(j.Ayft 3 

34 ^e^3.® (_J>«t^i jl ^15^4 ^3®- ^33 "**" a.-mAx* a„$ jk* l®~ aj PjI— i Cj" 8 "^ 

, Cy*46 ! - j ..^^att<>.’<) 

# A«sS^ uT (Jj ' __jj (J> 3 A*wAy.& Aj AiawlXife f,^»& L..P I 

j! Aii! ^■‘P 3 ^ ^ a.' j^yLs* aS* j t B -4 L.T I j a*, So ^4' -iiji a^*o b-o 

CP*»I .^jj.5 (Jy L*4»*B« A—Jjlj A— S' ^yiy® A) 3 ^®. ^Ay.«Aj j» J** 

<* ^1.^ ^ j*jSC<?»Ba 3f Ai^ota (_Cjj l*«.®I j Aj 3' j 3 P O^Aj ^J.4 IbA-o 

^xi^j j l^>- dij iJ j Ij* (jC Ifla Aj 3 * j (^.*#1 ( ^j5C^.« Ai^^x. O f AjjIj /jj iS3ji3 J 

# 4Py>**,y.4 \*^y»X. bG C- i 1~'V^ > ^ ^^ -*'* te * ^ 3 f Ay.*« lj A^J 3 P 3^ {jgi 

7~ ^.yyj Ay.ll I lyyC.3 j2> ^S O^ O"^ J-^ l^t} ^1» l»- A4S li li-» (^5 ^ *Aj ^ 

# CP®“i-s *0 ^ 3 ^^ t_j> 3 J 3 J Aa A*» Axa j I ^4 1 ».j 1^4 T {$3 j ji aS^s^oS lj O ^ 3 ^ { 3 "* 

UJ1 jj ^5si ^j! ^ / j* o^-< cjl l ^®ek«- f aj aS Cyy.*£i3 ^j! 

C -4 Li (^Usei! Ij'^Syji*. ^»ek« jP Ajlj ^3^3^ ^ji <£\j> A$" 

J 33 * j» li Aj ^ ^*.**Pc**M 4 < 3** 1 ^'^ 0^3-^"^ 3 ! aS" ^ t3T^s.ia*« Aj j} 31 # A^T^J 

*^y»^*i! dA a*4«S"aJ^ ix^ AjAj of 1 k-4 


x~a log 


a+l/a’ I -y Y 




3 Pj|p 


a 


X vs 


&3\^ U 1 1*'-'' b 1 ly.^4 I twL J ® Aykyi; 14 l^*" ^ ^ Af ^■ k. fc ^ I 

4 j^ 3 ^ 3 J *A^^ku«yyS A*e3.y.tfeAj Aaa,^* 1 4..4A>\^vj^ ^^xX&lLJi L ( O^CS J J ^ Ww^AA 1 ^ k Mi 

U! L^y^ij kai. o' (dbjJ» 3 *j) Al^U (^l^kjk 3 Cy>®»l« 


e ^ ^ <■-- # ^ 

.rr j t r s 4— .? 


3 , tractrix 


4. pseudosphere 



4 bA«1Nii4lft ( Lj1/5^ 

^5^*k** 33 jfe *AA 

\J^ : -* vPj ^ 

O'jO^ AJ Ji J^j! 

^J>ii.S U „«Aj^jV**,* 

k*-. J l—J <*kaj j3 O J *& 

I ^ >Aj.* l_j t. ^ .]s.s dlj kxff 

j if j ii« (j£! 4.Aa»A£& 4.) 

^.f O 

j3 Jail ksL j£ JLilj &r;,Ji\X) l—J aS <iL> jo* j*J jSi'i fan OL» Ij kaL £\ 

I—. .- * * ./-1-Lj * jjjL,^.* ij JaaL dlj ajl ±)&aIjZ j AZ& ^JsUw <Uajw 

A,**i«AJUb £> 5 03* »t—*>4*' ! Yq kai oUU j\* U aii-u—jj 

^ A ( . j k ^ . ^ *^*,ik* L ^ j &&S,At^ fa i^ *4»0 I J k i^ i ^5^ *43 I i iMi ^ ^ 1 

j! J ^Jj j,5v.O ci^k A-J ^ksi. cJjk til—j J.l C~*J ^Sk-s flj! ^\a>cA^ Jjc^ 





J3z A 

J c- 5 *9lj £ji <*,$ 4 ^.jJ t_^.Lk» L Ij t5 a^cAv? j^ ^jgi Lj d)! j-Zi J ,$iJt 
ilj 0<*** , j'** *K?zAy& Oi J^' f '^ r l« <A.ST I &.AM j^ *$* 

» iiij JsaI k=L j& <£yi iS(£\< k.4*J>Zfo ji ^pea*? j! tj 3)5^ 

iij^ O l*** k' jk■<»•*-« &.>zAaP A*w.Ai& o?!jh ^jl^ 

5^4» \j3jki j 03)^> k i^-S T j! c-.«i I j I J> &J$ j J^jti 3)3-* 

l ^ Ok^ { I Jlj IamJ (‘I** 1 tilj l I -tA) dij f o 

(3~ ^ ^ J5C-) '^^'0)^3 l*J^ X ^1 

J.a12a4^4 j jlj*J dljjiljjljj,j cili aS*L-^* 5^^ i AV UL ol>V Ij 

y ^aX , J,i 4**»r- j^-i^i ^ !j <jT^« Jk,»j j c-»U‘ ^.k dij fj jTj i^-s J? Ij 


^.X^Jb J^ai &Eisenhart Xxi^-i t Differential Geometry Any^h <— '^La t \ 

c ^ ,y> tGraustein axijj Differential Geometry b i(^»^ 4 O'*'" >0 

.(\\?b 


2 . Leaf, sheet 


3. Mobius 


Is* ^S^^PniSii) J5 yJ l*.J 1^ jS, 'jJ 4_^S^ a ’ <4 *'^ tS3J 3^ 

C*>J (jTj&p jai. uijb <db jl C*J y£*.* 4.1j.£b A_r.AfSO^e <JUJ 

# jJA*«** J^S^-h»'• jl "45^oT 

Ji e^b jl jpe.) jjil 4i V ja,*.a (Sj^-ai J& y^i 

4.5 (jb;*. # »Aj jI«A^*^ v 9 j»L ^^ca.4^ 49<»St><S IJ (J> 3 &.2»sk»o Ij {J^~ 

t (^-ui I jls,i j — {j **. iS 3 j^" ^ 3* \js''* l '“ “* ^3^ jp* «4j L*£ ( ^.+.Za$* ^ 

dA*£ j_^1>4 ,j *A.$T J.&!^sL (jJolii.X-« 3 4 uiiA£A o j b jA> j l«f<2.*»»b ^*J yjl jl <A,^>T 

^ U»****d ^S ^ j& « ^ ^ I ^S ft AS 4*5^1^^ ^1 4i I ^^.ApCaS 

O’-W 

j I ■Izm'J jJ j ijji Ja>- uU-^s^J l—«•! 4J.jjl«J L^’3“ 1 i 3"® l “ : J J , dJb 

IJ 6 f 4 aJ ^ l—J A—^J J^"“t I _) ^1 ji*** Ji3 AftlJ («l^it>u^J 

ibi-l ^ b •Xc* LS - * jJ ~ ^ Lj t tAvtaa^S^* I 4 Aj J*mti Aj l ft AAaW*^ ^ ..b S"* A l Aa»* l 

jl j A3 Lj j i jj j*tiLj Jaij ( Ji} Jb L«! -A<£Ij aA3 o-LJtj^ J Jb ji A-S^ -Ul$"" jl^SsJ 

.A-itj oA/i 0*0 ii«AXv»I AAwilj <>4.3 a 4b b—•>- ^ Aj j\j** jj AfoT 


A 


is** ^ 9 * 

yj$* j,»L. ^aI j! xS j 2 > 



o 


jZ&z*. j£ q\ t^bAijIj jl dlj Jl^b -a. «Jib a.*.jI? JIj jl j dlj ^^.1^**4) 6 iS^jp0& 9 

j,X5vat e ^^jl iS3j)3j £-l>b ^5 O^ ji C^*«! 4^.jUjl Jj3 Ij A,aJU f<AA.5li jl 






1 , double elliptic plane 3, single elliptic plane 


uv 




* ^q jl b ^q c5 3 i-***-® ^q 

.i! i ji 4 uk-Cu b A,<kJ U? ,/\.13C' 0»i£,C J-i C ^~i3 ^ J "^5,*^ kJ^ 

\t? ^ (3 J ^ i *As^ 4>ji^-* h CO ^ 6jb B ^ 4 ^ j 3 j CB 

Vt». t c-<4,i a*.* u OAC Ajjij *& ca*J £=k>ij ^n^(J>*^j A 0 jf > „o>«*f AO 
CAB «^b q jl 1 ~ i j"^‘{j’* L ].^<ij , i ^r^sj^ki <CB 
iSj{*«* 4>jj! j <jT q jl b q b t^jl CB ^.fjTju. *o«.l juIi* jl 

4 3 *»**2 b i*« U ( 3 *^ b j i b is ii 


*i rj L, ^*1** jl"4^ i-5jI j j -tjb k«> j t£U<0a2i <*$' { jlz£. „ \ ^*ka£ 

e *Aj I <^ 3 *» J c£ji 4 b<t iijlj t& A j j' J 3 S 


LjLj I h •■X) I jJI*+-42 t J l& ^.j J? I j *S 4,^ U-**" 4 * i ^£A$ !.?£.*.$ I 

&*Xju) o^?«5 jj^ ^Aa.a^.3 jA {^>am i <jL** 

3 -i^b AB i—' KJ«£ b* (j,*^ J t -k 0^ c} , ^'" J ) ABCD U*’j* 

h Cp*«I j»jV kii> U , Js*tb a.>j) kj.i^-8 IJ iJjb j Ajb (jjl$k*«3 ]VIH 




<i? JCA 

3 1 f C ,_j I j^ „ Co^-MiI j+iaS' ^«a,j is 3^ ~ijb ^^313 3 ^ pfjjiliAj ^k» j^ 

c^i^ki a j b 3 *■—•■«» l HM t-^ks O ^>kii O J-Vib 3 Ux^l Ij MB 

^5/i i q j- BO d_jk MO 3 HO 

jAXa Ji\j li j <0 (jf t L^"*ti I 6 is»« SCO 
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3 A?baZ^ < RS jl i33*m>\ jji RP O 3 * X ^ ^aIj iAaS” 


^ cs 9 y 


RS 


^ x r - J^>S ^ x^ 

O ^jb <5Ji». _ AS I -- 4 m^x^ i oJ^i* ApCWA>^& — 

x 1M " X . # W X 

b> <p(y f ) l—i lj bT L» 3 y ; c^ijlj^ a._; ^jb «a»* ^jiS t o jl c»a«I j&’jy* 

^ 1 L I 1^ 6 A,S"^ As^^iA.0 Aj |j # 

<33J'^ <^3yl } 4i gp(y') dijiyl o ^ y' j .a^b q j o &£ ^jl Ai 

o'A j I J ?o 5^(y ) «a*5T !«Aa! jj 2 -i tC| ^ y 



«(\ of jsks) OQSR <s\j> oUJ 

q>(y) > RS/x . 

i.- u -J jt>; OC^PjR ^.*1.^1 J lj J .i* !j 

gp(y) > x'/x 

ikjlj 

!P(y) >x'/x>g?'(y) 

k£* ^ j** gp(x) x _/$ 

<Kx) ^^34 .\ f 


0 



jCi 

o i j«^ aS" a^Ii ^ojyAf ABCD a$" f ^ o p jsC^) ji s i$" o^ 

V J U J X bj < w-^o J~i <Sj DA 3 BC J AB c£bk=LajL Jjk „ I As* jAX-% (^' 

*“ - *?‘ <4 *^ ( ^ O Ai kAj I JJ»*i V 3 ‘*^** ! l j lj X ^ ^ |^.j| lj , {_) l.*W 


^ J X tj^k ^.i 3 j b *Xs* f 3 f V J ! ^*‘^’v’J?^" Aj li ^I — 

v 


* A*** JJ.JV^ I j^AJ (jP^X^ A.S^|^,AaS^ Cu»»i li c 3^«fc»^^0 ^P^X^ 

£*ks O j J 5 J AB ^bS«ol l—J ^3^ 3b£-o| C <—£ jk j! I j DC jjs ■ 

BFi BE c?U-k».(3jlj B tijkj:> jj> AO (Sjjj 3 . .w^f AD k». ^k* O^ksi ,i'S 
HG p b DO k j^sTjv«j AD ^ F j E j- j bu h J jL a» Ij 

S' r-jBC ^ b HLj GK isUa>* Hj G ji S' c k» 


CK/CG < CB/CO 


<*ljSij* *?“< °, Y 


N Av 


& 


** A 

*44 


j, i 



(BK—u)/v < (u/v) .CG/CO 

(GE/v) . (BK/GE)—u/v< (CG/CO) .(u/v) 4 

O DO ^ ». U jfidiiyi © 4.i *&$j.& jlSkl v djz- «1&T 

V * j jj l A) A) J L ^ )Aa^ OjjJ^ 

gp(x - h) / cp(h) - gs(x) < [h / (q - x)] . gt>(x) 

(0 gs(x —h)—gp(x) g>(h)<[h/(q — x)] . g?(x) gp(h) 4 

ikjlj jl ^ j4 

CL / CH < CB/CO 

i-| I I J i d! J jl 4 ^ 

(y) g?(x)gp(h)-g!)(x+h)<[h/(q-x)]g9(x)g9(h) 

^ J (Y) 3 ( V) 

gp(x —h) —gt)(x+h)<[Yh/(q —x)] gs(x) <p{h) < th / (q —x) 

Lj \h (J? I^> <_£j bJLo J£ iai .ij jr^> X 4 ^jb-A-« 

^a J«AS j{b j\Xka j& jl gp(x-f-h) J <p(x — h) CjjUJ £ cJU 

(p(x) J 

f. \ (% 

l^i I j OT 3 J J>!k.4* Aj 4,j 

tj>^) ABCD *^^w 5 ' s cbC* jT gp(x) a^T^L,! ^Ukilj 

J AB C5^.****4 C J-i AJjljjl ^ C5 A ^ ( ^ 0 V 

i j DC j AB j v j u j x k < (ij DA j BC 

J E jl i-u. y ^jU.* Ij BF j BE c54k^ojb AO j! Axx*f O b 



loY 



C ji aaIo ^j! „ ai£ H jGj 3 l j DO kJ (♦« j AO jp F 

(j)i jfi ^^ob*T »>axS ^ks N ^ j FFt < 5 *'A<'-oi 3 ]VI s j EG b »Aa«s C13 j$ 

*jb o^S GC j! X CH o 3 ^ ( i .AijjjiL*^-® ON j CM ^ 

^ -P ••*>** d**3 P *i N' jl 3 *CH y. oly^j* f j CG U <£$ k~* CP 
j GMC j ->ys oi)V .c-J GM c>j^> PN oj^ 
oj.^^ PNH ^-aiU j -b<*Mu Aj HNC 

PH *$ •>!- oku o!y u -* „PHj NH cS^^^jb 

a!T UcjT jl et5o i Ij a*So U j i V ji jiVb 

(NF - HF) - (GE - ME) = NH —GM=NH—NP <PH 

A^C>\a) 

a—^pNF .u_HF_GE ME u j 


oL U ’ V V V 1 u ’ V J 


go(y) gp(x) -gp(x+-y) -gp(x- y) +g>(y) q>(x) = 
gp(x+y)+5P(x-y) = Yg»(x) y(y) 


U 


* jf*** * W i J 


y(x) ^)U" ,\p 

-G* ^4 aT Ai J ^am J l ' A^ ^ ^ u 

(b I Qj l*4—o b ^ jl f ^a5u3*j). 5^b /jif A^ ^ jf& k"'^;’*^ ^ J? {3^* b AS 3 

o 3 * X = — ° A$"^,*93 ^ b 3 13+$ ^ ji X aS" ^->33 A--S J3 Ai 

idiijI .JUS"^ iiJ ( Aj i j COSX o» b-<-uT^t.j o b b-w .fX. -—- 4!| ’"<«•*<*<'i 

4 *a 5 c-F* aS" p,jT 

gp(x) = cos x/k 

k uT aT 

jSj!^® I 4 X r (>XijSLi jidJ j-; X jr jA 

A * (JoldAtMl ,) Ai A5* r *J'l5-<444'»«ft4^ ; a^^iS Ab AS"^j UA a » bjr'-U 

(j£ J I A.4^ (p(x ) ^jJ I j A i3 ^ aS^ Asi A 5^ 








* w-^ 


! COSX h*b .•^.Om^ii Aaf l L?Boi)J i l # ^ 


TM 



x' 

. ^ o.sb JlI <Xaa Ai A^ j_}T At> b e.ib bj _— CjA i t^<*i 

" * * k 




y(x ; ) = cosx'/k 

gp(px) = Yjo [(p - Ox] ?>(x) - gt>[(p-- Y)x] 
cos(px)=tcos[(p—>)x] COSX — COS[(p— t)x] J 

*5"j A?s*Zj be t| (_C I j-&Zm i Ij tfP J i »A^« U 


g)(nx') = cos 


nx' 


^,.0 ( Ai si j j! ( iX&j ^ CmOA l’ 1 5«5 A^ 

/nx'\ nx' 

w[ -1 = COS—— 

\ Y m / Y m k 

Xkj ?j ‘ ^ ^ ^ ^ ^-5 'j** m *&c*j& ^ wks*> jxi 4^X j ^ ^S*" 


^ (X) — COS; 


nx 


U^3J .C**sS _^*.o - Ojj*a A.J J i^kj Jjj,.$ ojU *ilj fX jljub J& c^iji 

Y m '*' "* 

j (p(x) j 1 c«u f a j b oT b ^x jl»bb y (S^j} oX 

<Sj& n J m t 5 bjb^ ^**Lu i-jfcj! oj_^ p c~*s!j £j| jj j cosx 


► *A^iI j dia, j,S^ _peJ ps p f X J bP .Via. p jf - Ojli; A-S $ S 

Y m 


&£> <3lfe4kwfj Y 

<j?ObLjU 4^jl s Xi .^b*A.kj| J b^-s-^rOJ p c£^i ^.S^jUd j ^M Ai , oy^\ 

C^ii^a j l$,*ik (^UajlJJl £j t \ kjljj ^.Ua ( ^jld^UsX 

_9 .Xu!>l_J ( C! A,*,i bi ( U‘ (^ c>x ABC cAy 
Aajj (_)^2 ajbil pfr&jk e *A s *^ js,jbi C J 1)J 3. 1} ^itk« Ij ^bajldj) 

0 *^b <13 a«j s >Ai^Sv_j (^ jl lAxb^fa,^ uX jZ> A,S’ ^jl^ka.ajlj 4,S^ 

* JjX^Ai y, (»Ji^** , l iA<jJiy# li ^ ^Ai U A^-^i 

^Uza!^; \j 6lj$ Idav lj AA^ ^ A 4-i A j! BA 

(S3^ m CB X j CAy ^ 1 ^- 4 ! lj CB j CA .^jjX zjj-i BC 




AyByC 3 A x BC n <s By ^ Ay ji j C^B j C^A^ 

oAjiJ^ l*X»» ■ J .^^.By .3 J>I«AX^I B jl i J AB V l#» 

jAjh. BC S l?j'^-* B^Cy 7^"'» j i«m-j A V BC iS3^"**'’* b AByCy ^jjij By j 3 3 

(3>Xi,$s\J,a* Co*4.-$£a.& AByCy. 3 A n BC n Cy ^ A ji 3 33 ** 

,BB r =AA^ 3 BBy == CC N uio^T 

y, Byl (5 jUu^ Ij BJ ^i .-v^So AyB x y. b HI 3 3^ B X B ^3 H ji 
{ 3 ji jvA^i^ 0^4;^ HBJj HByl ( 5 ^ 4 *^ J A i b Hi BB r 

.B^A. ji £3° ■ 3 s ** "'3*’^ HJ 3 -Ufcl JI J -"-' ls»~ idi-ijj J j j J 

ul^V B r C r j B r C ji ^ j BB r J~> K jHj LKM ‘A.—aUL-o ^^3 *.> 

* ^.Ail J 

o*i b BC^ ACy <BAC jb j*^ j}*. BA^C^ UjjI j 035 

old ..ur ^k» S j 3 b B r C r LJ ^U*^f I j AC 3a\ 3=- £-k? (2^ 3 c 

CS y 53^ . AyC ii fc^U«! (£3 \m*A £3>- C*JjjAj *ACy ji 4 -* **) i jy AS 

CS i£ 3 j AAy b CT ob^^ ***** j 3 .A X A ji <-*■«.! yf'jy 

^Uci . j s iT^j LM y X ji b XU -^3^ £*i j S j C X 3 i-^*» 

4 >x a ^.s.i ABjj ^3^s> ij AyQ 3 AC y. ^3*^ i j A^P y (j^j 0 3 J^ (J>-®l$bsb$ 

^S" ^>aa! {3^ ^3** ® ^>3, ^ j^s^ 3 (j 1 ?b^ 

^ A^P/AA^ —^ AyQ/AAy 


Ai l«L,o 3 ^^ Aj 3 


r°r 



^LK/BK=J- JH/BH 

] Aj 

•*- LM/BB r =J~ IJ/BB, 


a- A P/LM=J.» A? A -‘ C ?' 

IJ AA. 


A xQ _a^ A ' P j„ t^vr 

IJ CC, LM 




* ^J**^*. e5 Ai *A^- A** jj dLj ■*r 

^Uji^*, ^pjjf ^Y* c«*.~ij.5 A$T IJ ^Uk,lj £J^T 

j*,.} J*3 j&J A^IJQ ^ JT 4 ^ 
gp.(JQ)<A Y Q/IJ<y(IA T ) 

J ‘^■'J"*"^'® AQ Aj Jp lA.^ J J Q (*iS ji A,' (J j.*. 
gp(AB) Ai gp(IA v ) gp(JQ) ( cp(x) br ^ lO^j - 5 b 

<J-^ j} 

A y Q / IJ—gp(AB) 

^A.^PL'C^ jW^J - J ^ Laa.«i i b $S j Ai C1*m tj2> jj 

AJ*/CC x =g>(AC). 

^ isS'3 T jl 1 „"/“f‘ -5 L$ A "’^O ^ ^^3 6^ 1 ^a 4A i ( ^,i IaaiT I Ai p As* jj 
j < AA Y 'JZs-i* 1 jTS\2*. B.C'y' A^HT t AR ji >:%/ AC j <A r C 

A?eaaJ 

AA, / LM > RC r / LM > <p(MC r ) 

> : j 

. AA, / LM < AA, / LU = CT / LU < g>(UT) 

BC^j UT j MiC^ ■ a^ 5 ° AA Y Ar^xF j 
♦-*■** AA X / LM—g>(BC) 

A^^j X ^ 

>Aj 


(\) 


f-A" <j 

^(AB)~§?(AC) §9(BC)' 
cos c/k=eos a/k . cos b/k 



c <i>j jSsj«x5Cj <ki jj l»-9 c*l£.fl aSi^+m I t^Uk )!j 

<j£ 1 jj (J-Vj^&{'sl*,9 J ^Mtr$ J A?CjXj J%j| <U jO J<^ ^kilj £jjl! 

^A?e = X; jjjiI j! „£+**\ j^a {£j<jx*i A. M J,z& «UjI^JI^jU 

cjI* 1^-« ^.k|i j Lj «>a^ jf*>> ^ y j j3*^ LX».< ^~i lj a& 

<5U*kj! j U ^jlAJ ( -Ails* ji yo ^.wJuJil 

sin x 0+cos x 0= \ 

W-jT Jte*l j <sec x 0--tan r 0= \ 

( Ai^\yi S j-^.j l«.9 C^k>9 iSQ> j3 1 OamibXj i £i ji 

ji lj PQ Ij&Si j «LiO ^|j,X-ol P sdaJij l_J XI fijliAj! Ai (J I cijk j t I j ( ^ o ^ 

BP y» y-T .xjS^ a** w j v k lj AQ j PQ cS^jU! ,-nj/T *jJ BA ^*1 

lj 


BP a b+u 

COS— - = COS—COS-—^- 

k k k 



cos c/k 
cos b/k 


(cosb/k cos u/k—sin b/k sina/k) 


>l&T 


cos- 


PB 


v c+w cos u/k / c w . c . w\ 

cos-cos—k—=—— (cos—cos——sm—sm—) 

k k cos w/k \ k k k k/ 


k cos w/k\ k" k 

tan b/k __ tan w/k 
tan c/k tan u/k 


c . w 
k sm k 

<_£ j Pe.1 Ai 



COS A £+*»\) C***3 yp.£ ob L?^" ° **■$ U O 

A^Ea*o j i^ ^ 


(T) 


* tan b/k 

cosA=-V 

tan c/k 


ils ^ ^ ““ 15 Aj ^ J ^ ~"~ Aj_jl J {S 

pJjjT^ aS 1 jj J j (C**n;J J {jZ' e 5" MI J^ , '”““ l< ^'^ J^^.*«ii 0“^ 


sin' 1 A = 

VU1JL IV owv V/ IV uvv L// 

^ tan r c/k tan T c/k 

(r) 

sin A—sin a/k : sin e/k 

• 

(?) 

cosA^=sin b/k : tan a/k 

(4) 

cosA=cos a/k sin 13 

(?) 

cos c/k == cot A cotB 

iSj/ hs i>i 

1 ^ J is * ' 1 ^ J 3'*' i * i ^ in) i&^ ^ ^ A.S~ ^ Aj 

# kA^x<«v>^ Ji ^ L 


sin^ c/k 


L.J 


* ^So*3 jA** 




t(Jj\ #- jJ A*»Ji£ A*«l) 

C--4J Us-* j 4 J5 jl^o 

t AJLs*Ja,»<* viljj.} i j£- <Ji^j ^~< (j^J ^aLc..* 
tlj i -Aj ^-oTaST C*'*"! ^>»Ia**> J 

_jii.j^ij ! Ju _j^j/j,j.jT &*mjA „ CU-**1 Axi Lj C**0 
a_!T j_r :.U 

j _ d«»i ax- j I ^ I j cA o 

a_S^ ( ^i _) tS"" . ax j I a A** 1 _j—® 

A«wJ t —j j 1 5 j o"^ t5^SvJLA L»& 

& tC» j j Xj Ij-j ^>oA W"* jS" 

{{. d*** 1 X^jI—jj- £j.J j j 

Jj—i^ •(£ U'jKr 1 *^ 


^j! jS J#**j-\ zjj ji~> 4k««xxa ji j■* 

1 J 1.4 ^^l w 4 ^liyft) ^A*£ J*lA—S'" ^ t lv"" 1 (( ^J^A* i J » A«)iAa& A.4di 

AjIma^ O J l J ^ X L> A?J:jT "^5"®^ 0»^ ^ '^’^■* J I J*- 5 

o if Jj ^Tci*"^ < ACuU J} t^jtS i J Ai Sj &SXi I jf2>- Cl*" 1 o^XJu AHif 1 *a9 

^k)Ji )\ A$" C*J (CI ^.wJlA) I l<yQ.f aT jjJ I , iAm ji**t ! «X5 Is 1 J O I ( kpij 

X ° V 



3 3**^ ^*1 ^j>j l&6*Xj«Aj j|t<jL}^.£& ^ J ^ ^ “^3^3 0^55''®^^ 

Ui a> ^j^h * AM A.V& ^ tir/'K&WAr 0 lArt^, S" W -S u»^iwi I ifjp C^*S>1 £ <A*&1 j^Sj 

& f *tM**AM i A.*>^ U ^ a )L‘t&»£ is*^ {3^3 J 3^ 0 ^3 ^j 1 ? t t j£ *' i * u j** ^3** I 

^ i^.41 *A^ I 1-^ *s dLJ>i>.« eif*AjA Aj A^d ^aITajA jl <jl j3 Ajb 

3 i J b*4*J 4n«^>-«< 1 &tJ*»JAJ l*^**<<^ I >A&* > S ^ i ^*1 «rfl I i ^ 

a Adb ^ip\.£J (J£ A;!a 5 ' 4 ^-* 4 i! oT 

JU-Tja a$" iW*. A V :, Vi ' J 1 ^i^£k* j Im) 4. 3 ^ ~ ‘.'jiH* *iAt "V ./ ^J- ' A*^ ^ ^ ApfcA**i ^ '\3^ V 

^ aS^( jT Ub»a4^I^ # ^»^<*33 j\ ((I^)) f ^ 1 A*«A*& # <X*m y ll4 1 

^^5 ^ ^*”*0 ^3 A J j d J ^ i^e) ^g.-yl^'^~<& I A.3 * 11J J| i^ l ? J A £ ^ 1 A.44) A^ft Af j 

A^^I j j,*j> Aj Ij l&j,.^ !j,&U» <J>*el ^.al ^S^fAs* aS" jfclrfwA.l Is^A-u, OU Ai AjjArfi (5 
^ ji j (S”"~ ^J^aSI (_Jj?^ ( b 3’" , ^ , ‘^ J ^ A$ , vA^S^^-0 A.ts. ^ £*jJ^a^.j Ai »Aaaaa«A 

J! {j ^! 4f. ji&?E4 l)-^J jT r &!^jS cS^J 7 J" do-tv-J Cj> J"^ AkuhAaA 

Jl 15 < ^**« -< ?^* 1 ^ 3 fi tA^i J A&ifo ^ ^ j Ij 

jl X^a:^ A** j! dlj ^ Af I l*3e#*A> I j 3 t *^A^W> <J!)U»! 

jl { t J‘ U> “^*$"* 3 ‘^'“ t *( < J Ja J^"*’^ ^«4Wr® Lj J ! Jlj I ^) t lAAjT^-«^^ J^ qJ I 

^ J ^S»j 1 a j rAi Aa^v t<4* ^ I 1 l V> ij ( ^ ^3 Aa«Aa^ 

^ J ^ ! iA*SV J^VApv* I ;*-9 I Jj ,J"^ # bi/A«Ajb i ^ Af 

J 1aA4*| £^1&A(0^9 1 J 3,^! % A.4A# Ij 4a3dja^ ^|>j L^ ^ ^ \T J a^ l^! A^ 

A.** 3 ^a^i>j 93 3 ^s" 1 jJ ^ ! J bo {J? ^A*»Ajji3 S b d» IaA**AaA^j) ^^S,j *S ^%j 1 ji (Ad-b 

•^bj jIax^Aj aI*« Aj A.</j»X#,i& ^,&jb *A*$ ^aoAaIsI 

t m>^i <d 1>1 a*4j I ^ J Jjr# 

l^j( M AaIs 1 L|£3.9 AS |^*ul) _J ^ % Ad A XA^ y ^p J^ aT( jllaw 

^ J O3A—S*" CA««I (jv Ifei la . -»- A; J i Adb I ^ ^*1. ^I 

cS^ , 4 "* , 3 j 3 j"'^; a 1 a*o^ a 5*v^-wJ ^|^».fe {£3y$ f bol »^ **a y&* ^boi^T" 

j*>l?sj i jam ^ ^aj.jk,J 3.ya,9 CAs b I j***l cS^** A5 jI«i jiU \j be '^■-’^ {J £^jajb 

tA^liX^ I ^JaAA,wJ 1 W[ ) i«^ | ^ I ^iWilA/i. Utb l^a.1 ■aS’ |^ 2 i 1*«3 |^j J(^,j ^ b 3^"^ A»=j 
{£ a ^ Ai! (^l^djJ AS^O>A«i l&i.A.t* j| ( ^^vj 4 Ad^fe olj j** j} $J\sHa (jg IaA^ 

j!j.»**I IftA^Aift jl ^5Cj (^l&Ajl—, j^j Ajb I ^jI^j A jp- _V*i j ^.Jc, i *,.e ij 

AiioA^T (d>«iAj l&jLJ j jl ej^ba *AA I (jr* l«! jj &S ^?cjb3 .AmmIj 

^<Xi J^*M 0 A5” A£> IXa«0 L*1» X11 } 

^«xJ.jlb ^lfeA«,Aift UT 0 /^jb.^o j jl Aj b aS CA*«I cS^ ^3^3 A b»l 




4 ,9 l<0 ^,s|Aa9J if**™ Aiv *Aa& _3 *>—j J l*o *T l>. IJ i .Aj J O J 4xu 

A^li! b <J>) Li IjT W ,l«***I a^ j^ s^cj jpi ^*ja9 1*jA j ^ 

J 1*41 ii A,**i«Ai& oT U s t Ci<2f & $,*& t^A ^J«^l A$" >A&3 O i<«*»J aS* w-"*-**^- 4 * ys l«<ij 

H jisu* 

A™ 5 l^.i T ji < «Aj f ddAw A«ll^ ^-m A^U I lj (J~> A** A^Ai (Jj J A 

_3 l^jl*j! Ij oiXsS 6jl,t«l oT^-») j"****^ 3 ^jjji \ A^a/\ Yf V 

f ^' jr’*’^j ■> A <0 l^o * £ji ^ , * i J& f ^ j iS^ 

^,«W^J f lIXO l j l£?®J i ij ^.Aii A^U 1 ^.miAjjU l lj (_c Aaa AmA (Jp l^«tM«i 1<4.J Aj Ai jli 

1 <k$ aSTjAA**! ^jJ I 4 JA 1 X; c)1<**A T (^9A& jj Ai j 1A ^.LIpej iAX* A3 j** 

(j£ j3y.*j£*,S jjC jj jj Jm^i • Ai yJM \3>"^ fiAji t»**<5^ J 1— 5 J 1*41 l& Jy*,A* A 

Ai i J 2 A 9 4wn«**4i! l )A l**® A,$" ♦ Ai 3^^(3"^ (j* 1 J ^ 

# l /-~~ ^ A 44 A<t,& b A**Adt& ii Ai (J^^Ui « t ‘ i ^‘ >> ^ ds^bw* 

^ja> lu ^9 >^a 4 l| { (Jj£^ y i*k& ^.i2>4A«^g iA*»»>Va^ ^!_^ fc - uJd'J ij 

Jkdhj i® ^ l&Ajj! j <is I j 3 jA-o y*j I -i ^S^^aipiAjjI? 1 ^.*4iJ,X& ji ! j3 I <4^ Aj iZ»s3 

j i J J <'^'^^* fi H A.^5 ij ^ 1*41 I . ^ ^ .-4 ^*}s.9 

t Lfc^»;^A9 l^.£*‘ 3*^3"^ < 3 ”^^ j\ ^^3 ^ 5 ! ([£_3~“^-3^ iA.it•Ai& Aj L/tt 1 

^ L..^ d4*U 1 ^ J lid ( C iAA A.5^ ^^2*' t»drt<*4dJ dfrA^ 1 ®^s?CaaJ^^ ^Aili2i^ 

A,ao«Aa&i j^ ni Jj^x JJ ti 3 5 . 4 S S Jv^^ A.5 ^ai id^siJ j&s ^3 i jA.^ I ji J 

CS p 

{ a $*“ t *'i (J^v 0 < *^* A ‘’ I ^.JLtfl \.4fV lial Ift) d^ J I 3 &<&n>XX{b ui ^*A-4^1 j A*4?l !,5 3^,2* 3 l&aj,J h ^lyu 

A .3 ^ 3 ^ 13 ^ ^ J # 4 ^»'«f! jiTju ui 4 « iAX^ aS”^ Aa 9 y** 


# r r 4 — . \ 

ijljic Lj jl 3 ^ySsil a +*rj-> <— -j*-^ J ^-d^ ojLS^jljj a>j ij jZjj ^j\ . v 

34 ji ba»l «y ^ 0 6 ^(jA^j) W. J , Greenstreet a !-.-jj Science and Hypothesis 

jJU- t Proceedings of the Edinburgh Mathematical Society ji C~~>o a^” t H. S, Carslaw 
Non «. Euclidean jl jl W-/ j* j Y ^ *(M \ °) 3 «^—-j 

Elements of Non _ Euclidean jz jM , j »~T j ^ \ Y <Bonola &~3jj Geometry 

. p.,-AS"^ olix.*-! C-iljjbAxJ! 4 y ^ ^ 5 ? (jAlJ) jl Aj>* Plane Geometry and Trigonometry 
Encyclopddie der Elementar „ Mathematik ji Wellstein A f c»*»i ^ j^j-* if jA-t-f* J r 

.aJU^jjT \ «v <^Lijj ? jV) ^ AY' -YY er* ^fJ- 5 a ^r < tjJ bx-lJ j> j jjj lXJU 



4 ^jT U j 1^j 1*0 O^" 4 (j^i aS" s^»»««*•} 1 d 

ld s 3 j! tfjif 3 jk O^J-ejT ^ijJ ^ 5 X ^* (j*"- 9 j J*" ^ ^ ddlJk 

. ^ dd-4* I <3>A.t*«3 

C^() ^f I £ jJ ,$£>o»£ f ^jkkJb . ^ ^ 

< ^^3 b a^j 1 d ji ^ £ j^&>& (Jj l&a j^3 i d oT J d aS* p>J jk.3 j d ij (J£ I A«mAA& J.sS j& 

I U i<w.' I t *AXxS Xd.s I !j <—i**o I j ^"k-®b Aj 

t 1^4# li «A& ^»itJj ^ t d i dX-^^ i ^ A AS^ ^ J O^ ^ [ C 

^UkiJ jj oy\x> ^jjl J*sUd XbH j* .t^Sj^ ^jpL^j S^jid oijA^-o ij c^lsjjk j& 
jT ji 1-alk-o i j a ^j!d Uw J Jffl s 3e-o (SJJ (jjl&AkJU jl5>ol^c dL*Ps,i djj,.* A^dA^i jl 
£,kS A*dl£ Aj j I j A—3 ij ^jOLij Sjjld 4—S" ^il&ajjld ji L&s* ji . i d^k A+vJ-Xstt ^41 

ioJW Aj 1^,3 ) * A 3 A»5 j/^AwA*& ^ l^.l«L^ *^iA 9 l J S JiJ l ^)T ^ 1 ^ I ^ Jfy ^AaS^ 


* t=t' ’ w jrv •" L 5 ' ’”-/ W- ’■*-'' w ^ ^ — w - ^ 5 - 

0 ^jJ I .i tiX J ^ cfJu aS* t^J-3 ^ (^S*^ ^ v ij ii^jT >A-j^ I 

43 AsJI fj.*£b d j,*»C <jlji *$-ti\jj£* <£dtd3 a^jld Ojjd jd kMj Akli Jd ji OljJ^-a 

j»$ j3 AS*" I j I j t d l ^k -s** *f 4*3 


^3 (^l&e^ 3 1 ^ 4,^&J^3- a; jiC 

dlj J^^a-^.1 ^L^ksi. a£C*ja\ ^.kij 4- r ^ ? j’ ji (jj Aj <jT 

{Jr"i Ak.A3 3 ^ A.k^^i k=L A_$^ 0*«1 ^j3 i OI J J^X'S ( 3 “^^ C-«.l f jV 453 J 3 JI& A^AXA 

A»S^*«3 ^Ai«| I J ^P* * # lA^#Sr*4«& ^ ^ 

/* uT ^ ij csUk j ^A4i ^ l Lpji rt ifcfl 1 i^n4l L^a »iM<«s3 

A44««^ Xk^i dk l_i adljj,3 A$"* j,j ! ^ 3 d j& aT ^j! Ai <4a j3 b . Adi b 

^.kUj i k^L jd y i &S A?c^j djjld {jT ^-jU. jd Akk dlj j o^ 3 id (jT Ojj^ 


6 kj A J k^i^™JS (31 A«« ir jk (J 3-*«J jT , ^ 

Lj kL^J ji jd . (d->*»-k J3iAfr I jj-vXi 4—3 C dii-* 4<ji3 J ti 5' # i J 4vjAA-& ^jJ i 

^i aa-ji* ^j^> 3 —* ^ji_fjb ^i j—j cj jAy c»»kji a_j 3 ^ jjjI 

j . ( T Y ,,j^» 4 Townsend i^p-jS Ij t f f 4 ul> c Grand]agen der Geometric') 

j 0 &S° Li*-»^ j—*~ oLSsX^o (^i j~ j Young j Veblen a„S^ ^«jkjl 

ji .d—<1 odd jj (^ \ o . t 4 f$Cj Ala*. 6 d)ijT Projective Geometry 

3"*j"X dXj ^3^3 ^ aj L^jT ji a$^ id*iLj ^jbT ^1 i j.& tji^jj^-* j"s^~ i ••^bxS"' 

, (!*-<•*» i oA2> & j Id I ij j ir J k ^Xk^ 

. jji l>- «ia»kr A^^kAJ J.-jd.S^ ^j j*& jj d J«*^ tjk* ^jli 5j jk j SjLji (3 ^adj>*-4 j^** J jj jjijJ . Y 

.£^i ai^r Carslaw lj ^.*-1 JjI . f 



. Aj j 13 Akk’ db k3i JUuS* 

J3 ^lOUbkUJ *kk j3 £ s 4 Ajjlj Ij ^kUcU ^***1 JaaL j3 ^j 5 j Ajjlj 

^J kx 3*^ kx (jJ ok) A$*^II^ 

(j*$3 j< b ka. 3 -^ ,3x1*^.* 3- 1 ^"-"j 3 ^ 3 iS J 33 Aj 33 A 5^ 

<ji6jjf3 fdLj i £LAi J fliij &.I 2 .I) j& ji , JX.xf ^.k§ A*J Si Ajjlj 4* j j A$ 

AIoAI ivO ^1 ^ fcA^</ ^•€*.£ ^ mb ^rfrntfl^J 

l^-w J I Ja>* dL Jail 

^ Ifiten ^£*3 t d^i L& J I Jaa^ .3^ d^*Wl S i-<& | 

f V^ I J ^Ai«Ml I ^<1? 1 Jlj iA»\iA^12i<iwO i^i) I ^ Au<o I ^Lgka. A-Sk^-sh 

^^x*w<I kx 33 -A-' >\-■<**, t^C o^^l3 j* ^.sf J tSUkaj jti 0 ^ 13 33 6L^*^sfc> 

■^ 3 *^* f ^-v? 3 kjs* 3 ^ 3 ^xi*) kx. 33 aS" A>3 4 »)i 3 ^( 3 '® Ok»T yC^)\^j> ij 

&S2>Ji p.M J 0^3^^"® ^'*‘**5 ksx 3 ^ ^*?J ^jJ.« ^k^i ^.j _ JvX^ulj ^k ik-o ti a|T «Xjj| 3 dbxO-o 

OTrf A„jf Ij ^*.,(*1 (^Igka. AaA (^ji3-* j3 £jj! # AUil_i <^jf3-0 ^.k J jAa ^*.**1 k*» b 

b J>3j** 

L$** m 1 ka. A.JT ^jlgjT • JjUif ^«« ^***17 AG-j*.*la J3 Aj Jj jJ,!kj {J*Jj&* Akii 

3 k 3 ^ 2,:a “^ ■ 3 ^( 3’ 41 b ^’jb A ‘® '\j3 ***‘^ cJ>^ka> b 3 ^ks 

« ^ ® ^ ^| Aj 45 I J) 

iasw 4 h4« 4.5" 4** {£, i_& Ajjl j ^^4?cj 

(b ° (J>^k) ABC obi C^ij—f „A^.jl5 J3 ji C1+<U1 i 5" <” ««A».31 j I 






^ ^ IfrJtU* ^ t ^jjoIaXj j& O # *a<uAj ^aLa,-^ 

j ta BC 3 y^,C^ (£ ^.j 1•& ^S" \x**& ^ $p*fi*»* ts^ # .*a^^ i^T 

l^p i&6^.j l ^ 1 ^Js^*p*p 4T |A l^J ^ # %A*SaS^ 

u^^* *ji^ ♦ (\ \ ^ cj*^^) A. B' j A'C' i<4^ Aj »A) w^*a<J BC J 
.o*«i Cy ol j a fj*}, *B^Cy j A'C c? ^!ejj|^A,i 

^ l^^j|lo<^ Aiwi iA^ *AaI^^5s»& )A>»j AB Sjjb 

fji^i J (J"" 1 ^^ *J—«;i 
(^l&Ajjlj A5\li>.w 1 l *A&1 j^iL oT 

( <ujIs .$2 ji c+u ,I jZ&>.jf A'B'C ^sbujCa 

^SC^ jjd ^UjI^^jc Jp j,i?c^ ^ijoo 1 U j j o j.^- j 



C5 

C^'ta 


.1^^ -ft.*,** f«*.J # <^»<*** 5 J l*«. ABC Ali. j» 




I © aS"* wX^U ^iix->® ^5Csh» 

£. 1 ** J^.!^ ^**»£ ^J,5C*it4ft^ $ bArtJS I 

a ^dftl ^Sfc» ^j> J 1 J^*9 UJjj t?K"9 


I Ja>- Ij _j JGjA$sJ 1 «xia.aJ JLIj jJ -!*»- ji a 5"* -L.^-S""" Jlo Ij „ ^ 

.Ajjl** 1 ^^ (jjlft Aj j IJ ^,«.^ i Ja>- jT 3 J aUaj oT jJjl-« ^.*.a* 1 Ja>* Ij (_£ j ! _$,* 

a.-'JAa J ■^’*' t/i ^ c^Wd* 3 *" ji (.-ajj-j jj JjJ*Aj 

. CU*» i eJ> L»- (_£^l jj &j j ^ _) ^j^.^.>- *r ^y>-~S^ CaJ i j . Y 

jb Jj.k? .] ° o 

^*«-Ua j.»- ^c A: j aS" C-^l t—JJa.* ^.s i oLjI l>® t-i*A,& (*S 

J*> «J£ *Ua ^ <5 Ljfc. A^lfaAiib l-,~*-«Jgi 

^jlftA,Xj^l Ij 4 ^^_ 1; ' J>iifc!^s>& l/jtf» JvA^stjife A*a*Ai<fe {.JI ^«l*«l A__$^ j^«o 

y *fc ^5^j^a>^• i » aS""^jIa»Xj»a«j ^gjl^Aa Ca-A;;A^ jji » ^‘+Z*£-j*<*i 
^l^ k a>. A*«>A^Ai J\P 1 „j \i\ 3 i ^ 3 ^“^ ^**-^i* jt 

A^° ^ 3 ^ 3 ^^■ e >-“ f «b a “* v s C > \!i\)i> Aj tj l**J 


, ts*- CjjLxS^ A-».jj^.a^3 +— ISChj I Aj ^laj tJ 3 *^^ ® jLjji C1a>bJ ^gl^ 



J) iiij go* J““i (^i l**A OT J 3 S^3vi ^.^aN ^ea.£fc.t)\i v ^-O-***^ 

^ ^ j! Jo J\X'S0 Lj \j j^j jf) J& (_£l qZ*uj<ui C-'jS J^> j«5 

i—J wU-aJ^ J)! b &*a I Js^ 6 J l—^ (J» ^ ^ ^ <>£^ jZ 

* Jo 1*0 b^APsA <j£ j) jp«ASi A*«J,i& li 
^ Jjili <Ks*^-v ! 3 ^,&b.A-<P Vi ^Jjk Ajb iai. « \ 

elSo I JJ^b ^*,**1 Jasi. dlj iSJJ d aLaS &-ui C J B j A .if> .y 
dji» AB-f-^ 1 d_*k BC=^-d dj-k AC 

a 3 A*S Jo 


u 


U 


♦ (\ \ Y ^3$ Tj S j*^ ^j 




0^-® jos*^ b JasL 6 j b 

*m ! d * Y 

>* <jd 

li^> |^v J J 1 

, j J- 

JIm, M 4 


AB 

l> : ^ 

^ J AB 3es.eL a)V» 




* ^•£*^ ^jl* j it '^ 


, AT 

BT 


!o g e A g / 

BS 


<£*•*yj BS 3 BT 3 AS j AT oT j-> *f 

J,jklj^s£. $Jjl? «As*tj AB ajIj 

*0 3 ^ iJk^y ij ^ IjCj I 

AT BS_ fl 
AS ' BT 

^jfl-ijJJ^i d^^-c ^ J AB djb 

AT BT 
kloge A S / BS 

( ^i t*o Ai i L„o # i xiS (j J_^L f aiT cjJ &ju Ijb k oT jj aS' 

^ J“* J^3 ^ <*»*$A ^ 3. cJ^^ J J l^« (J* b*-© t 

(jp b*.-©j^ ^ ( 3 ? 3 ^'***'^' k ; . ^ *a$ i *a&I _ 3 ~ i **' & aXt*- Jv&t 3 *** d jb 

•^oT g ij 


^-♦'j iL^s^i ^xj^\,SvJ a.L.^.'* - ^—j J-j*^ ^S"** ^ 1 t ^ 

I j *bzAj j jU^U tj iJtjjaj &Uj\ j 99 



4$^ ^ 3 ) *A&I^.?e> J i c^. 112.4 (%J ! Ol*J I Q>XXi ijj.»« ^ I 

jj>*i! dip3.;* «t aj B la <S *j A -**1AB (j*"! JA* 

( I^AA# l (^J^,,i 3 i -t ljg-0 jfc Jm ip^.h^W 1^)1 # l3«AA ! 3 j^.A&J ^?Ei ^- , _^' 4,4 ' 0^3* 4»»»ipjJ Ij** 

^ *» 1 -—ili-t^^^ 4^15^8 ^aaaJ ji La Ji! j-® ^j^d AaohXaa 45"”^.a,# *a^ Ij 45* I j* j 


■>/ U*J» jfe'ui 1 tf'jJ J f jj^i Ij 3 L.I21! 1 ^. 15 Ca«/ <jj.a^aa« L 4 ^t^j ^^dA^s t 

<£jit** I 4 . 1 T j3 4$~ oT^ 31ji iz£ j»* i —j 2>Ji U.4iU» kPe.k^> j3 (j\ 3 ^-* i J 4$" 

(_^ 1&4a#4a£) 4xJ lli.8 J £ f <4 a£ t„i O I jjl^fe dS f J (jyJjAi*. < i J (J*^l Jjj}f Lo tSJJ 

t ^3*^”"^ 4^ (_£! 4 a«4a& J«S • j2 3 3? 3^3^ 

** 3 ^ aaoI .Sjjp u^T^j j jjjS Ij ij 4 **«ilj ^I4* 3^3*j 

. 0 ^-5 [>-* JSS-*" 5 (2?S*v’ 

s oli Jh <Ua.w ji Q'iSL® jt$%> * ) ° 1 


4 4?£»&<^ > ^1 4 i 4 » 5 i 3 ^ , ^. -8 I 3 ^v5^a«^ 4a4*4a& 4a# j! dL 

2 JA.& oTji J X£ll 45>ci^j! (^i Akii P elf jSn .^ViVsfVi (3 j.d^-«' «X.-«U v^VifVi 5^fc=.* 4ff 

P 4^ 4^a&3 3(4a^I P' U 4l eijjT *Jj$ J j,Pc-e^l I j PQ 

t C l& ij 14j 1 ji Si^Ia# ^^.j*Aaj i i s3*** | i O^ 3 t—»‘’ 441 1 fl<AA*> ^P 


( d? j.£pca 1&Aj3<j 3 l-§-^ 3^ s 3 


^_C^.a^a»-c ^J.^a 5 ^J>j4<t,i (3-^ u3'*«l oT r^j>Aj ^ 4i 4i ^SCaa^a j.} 

(jl^i 3<^! oui (Jp! ji „ 5 U. <ki [*. ^^3 J& 4| 4pca^s ^a^»J jfc jl Ij 

4l UAAAwJ 4 LaA«^.1 (3 * 3^ ^ \ \ ^ A#') Ij 4f ^iAA)4l 

, lAS ^^ aI^A.Q <3aA« « oT (£ 3 ^^ A^B r 


A 



Mr js:« 


(iijjlij j j p-»a 4j fcij-* Lj JIj J3>b-» j L(£J ^>»-* Ojl^J c^l»- 4j Jjjl j*4? 1;*- j3 . ^ 

, 4j I aJl£ tl jSCa 




f §3 ^a) ta^'W ij b». S<ijs A'B' i AB 

jij Ak^B^ 3 A~R ^»»l_&.i>l (Aa-^I _)l >Al»> A—j3’ J j1.m»aaJ tJ_3' : *'' ^J jAlB ^•**^ 

fti »A&i3;** £(J3b (,ji<a«& 3 6 iaZ***\ J Ja>- ifijjJ A'B' b ul ji 3 ** a '^ Al. B 

AB O^jH ^Jsl&uU b (Ji y ( 5 jl_e..s O jj*s> j3 A.,sb A ^ji Ift ^ 3^-0 - 3 >> fs!j,». 

■A/..ALj ^jubA *> jB 3 A f B' ^ *^3i J>aI^j.>. A 3 -W 1 /Al. B 3 

AB w* 4 *> v-JH^b-o Ij Xlbljjb 3 3 ^ 3j.^ <J j&> Ajb Ij A B ” b». ojb 

!j bs^e jb j3 B'B" J A'A^ wJ*<v«A-* 

e t*UJ hA& ! ^sSs» 

<jS j A 2 aJti dLj ASf ^ksL ajt^ £ ^ *«&*£»»> t-j&JU S-Xiilf^49* •MtA c 5 W Xit*# 

b^jb (y) j Zh 3 oT ***«L*fc4c4J ^ V#b^t4f l ^ LuirW l ^ 

\ j ^5sj*a5o fhXx^j! ^ L&2 ,o Cj ***■$ (£1 $ijh A jr2JpA> J 

# >Aj J jil ji <£UAjjIj <jl b J J>Xxf^jX ^Jas 33 *** 


<jb l*.] ^jIaSsLL# 4.2f (£]Am3X& j3 Ij t^JlJ j b ^r^jSa^l^T dl^J I 

IJ Aj4i*uA^& UL*M> 4.5 3 J 13 ^* |^>j*^ I j OI ^ 3 

I AS^ ^ AaO*Xa^ i Jjti ^ ^|5^A4 AS^ IaJ I ^ ^lAA^ ^AO J 

4^Sj1^ CiU-uJ (3*^bs.j 1 e^j I ^ 

,<Aj ^£> GUI ja ^-Jjlj 3 b>. jl U ^l^ij j*.i *$ oT«a.j hjj£»* 

/^ IB 3 ^ ( 3 « K ^^ , « / ** ^^ ^ \ ^P t J ^3 ^'■w^ ^ c?/ 5 

* fr?* b ^ C Ij 6T ^pUj s^ j|. 5 ^J 3 ^a*£> J^ O’***I i £*& y AB 

vk^* 0 1^>»^ ^T 4 -Jz *n>4^ Ai ^ I ■* Ai OT ^y4A^S» ^ 1 A 1 P 3 ^■*"*<'1 (£ I &Xz£i p.i f j* 

A^ 13 A^^k j A 3 £$ I <£Ujjb j! pp' I 

•Ajb ^la. »^tB Ja»* ji iZZ &.<! »> 3 *.^ PP 1 Jba». (jb A.j ii 3 X *£’ £$* 

b^3‘ wj ^ 3"® ~SA I -b—*• 4 ^,i.^ 3 ? 1?* {^ji^ 6 "^ ^ 'b^djb ^3 ^p*.3x Z3~ b 

X J S J*^ IJ 0 ^ J 1 3 C 2 ^^\ ol j/i P-P ^^*•■‘*1 Jaibn, aJ!s {£ I 1 3 

>ki 0 jil-i A.J X j S (jl^-bi ^4 j 3 Ij AB ^j-tt-w-l bi. 3 




, *^A)44t^AAi4 ^ 38 


PT/P'S=CT/CP' 




\ / 
\ 


/ 

P'T /PS=CP'/CS 

PT P'T_ CT 
P'S ' PS CS 

MT/MS=CM / CS=CT / CM 

MTVMS^CT/CS 

PT P'T_ MT Y 
P'S ‘ PS 


, PT , MT , MT P'T 

lo 8nc/Tt5 = 1 °8vro/ Di 


PS ' MS 

P'M 3 

. <1 


MS 1 P'S 

1 a j Ij 




4,s Uc;T jS 

A.&s i; Z.i 3 

IjJ IaJ 

j j 


43 ^ 4J^ ^ ^ ^ u«**-**»J I ^jsLAi 4 ^..S 

jj.se. 4 JasL <jT A.*S 3 uj.«w9Cx« <^ki] O ( ^.UjU C-**l { j'K^ C**» 1 *il J 

i . 

wL«»A«vwi ks»». o j Ij 4tlj V ls»- , J® 

^3 ^ ^ fl^.31 ^ ^3 l».,^ 


W 


Y\? 



Aj 

\ 

Jr 


( \ ^ 6 ) O j* ^ J* j® 

£ & I ^£*cJ -jO ^,^*0 I wb? t^b l"% y 8^«sf 

l j C £j» Aj Aj O—[**jb 
PQ .if 

(jT ^ Jasi. I A,?T ti^^jfaS *A-tul«»3 ^jX*.ui I ^j2,i.(5jb 
(£3 LXi ji J jaS- <£ j£-i$ o_;jb Aj ^jb j\j9 

^ < J 5'®*' i *^ ^ iSjJ^i i AjS"* 

jf 1 aj!)^ $ii o'*'*j* [j? (J - ^?^ P Q I ja>»fljlj 
^\a]s.aI j$ Sj AB {j*** 1 ^ ~^ : *~ PQ (ji ^^ 

AB b>. P'Q' Jsii. xS 2.9 ^yf b J,>- 
bb* (jT b-J j Ab aIiju bb& J A ! J 

aS” 0<AX^aS ,*,;! jl ..ijU .. Ij ajjIJ 

i i““ |J , '"~ 

PQ aT^jI jl p&\ P / Q / J jl b c**#1 (Sj’ 1 -*** PQ ij^ l?^6jb i}jb ob I j*. 

„x.*Sj b j&£^J bUS AB j 

Tj S j* h lS^S: S^b Ajb j\ J b^ Ji PQ ^2xa. A. (_£ I i ji 1.5 kAfc*S"; j5 
,Ajl*j ^5 !Aj T' 3 S' ji fj .jjl-i <1)T ajIa j\j9 oT j—> P'Q' tSl._?.l^ 3 (33^^03 

'„..) ■'*"■ L, t | j} J_ t *Xl ^ 3 S _J 3 (j£ l.J “* 

<PT/P'T'=CT / CP' 

<P'S'/PS=CP' /CS 
<QT /Q'T'=CT /CQ' 



no 


0'S7QS=CQ'/CS 


, PT QT - P'T' , Q'T' 
08 DC / QS 8 P'S' I Q'S' 


aS" S y^ Aj 




i ApEaXj lw-C^A» A^i,£ss,0 ^j4fc*sl J J.L I Jjjl i—J A— ^ jy hp - ^ ^ V 

r ^U I iAacIj ! Jssfct, b-J-j ^ J ^5 f ^ i ^ ,i * i ' , ^ , *& 

l| (nx^iU 1 \ 4n3^N^ ^ ^23i*. ^ <****<*$ 

^ 1^ J £ & | j! iiij 

i?^A?Ey© djf^il A^c s nlj^ j i ^ J Jl&O^e t^Ajjjj jJ: 



0 

(JJS jfi J ^ ^ J (J Jjk J f ko *^” 4-)^ ^.^ArtJ 

jJ^k ^,5"* tJ^A$"*i ,,^jl*8^^0 £,ij jTj^s iA»eT^^ ^J^/ ^akiAaIs f <AasJ<S (J^k ^ t»*&l**« 

*^J^..., I AmbXa& Ji f j - 1 “a.& s ^.*»iAA& ^“— j^J j‘*W ij JOi** -5 i ^ ' 


Ob" 

.Ifj* ^a*j £ 4j j I Uj j j aj l £+* ^L^JLIx..* t^p*"* 1 ! (jl^k*. 

a U-i.,"dJ.w 4JL**k> (J?.j~^"L "* ' '-A'X^.^s AJ 3 k a** ^ ^-.X»— 0 ^"i * 'k* 

{^i&kjJJ P 9L ^jb A$”* C^- 3 k AX** L^o ^ ^ks»" \j tj£ — ^'-^■’'-J *^’i 1 -) ^ ST jk^ , Y 

, k=* \ oTp aS"* 4 PS j PT == 6 • iSo T 4 AAjIj As*-! j D jl ' aX*^ Li aS"” Aw k jkii ^a\ ji ^J> i j 

Jj\ J^ (jl jlfj* i J (J Ap-\ j lx.aU a jIj jh i$jA jSn-; Aw l A* ^1 jJ U^J-Jfj-* OP >A*“ij 0-^ 

■ L.«* ^^.k^-y* O i _jJ O k$0 


aS A^'S £*>l „j $j1j Jaw Ij ^jJ jjJXfc JkAJL& j 4.oj JJJ& jj-jJ Aw la.* . V 

aI.^2 La «A,iLj j Aj j \ j A;fr» 'J&t Aj^j! ^j Ij ^j \k ^kAak^k Ij j& L.^v~"“ (^5J ^cJ>J^4 

^ I ^jX^^ s/^ Lrfta^«»8 

i jf+* A^.*X V$vJ i ! ^jks» Ai ^£X S jj^t X ^ i ^ jls.3 {£3J j\ aT o L~kJ „ *p 

iJ j )£* (_£jf jJ Aj ji j Lj jklAX^> ( J*>' < I a!^?U <j!jJ^ 


A.k.j2i dLj J ‘ 3^ 3k " J^ <„> ^ A4 W j 4 .)^^" «"^' M/ k I**' ^*>Au! j |i^<J ^ 

a !zll dl, AS j j^Skjs (£ Ijbtf I ji & 1^X44>J I £*** 1 C)J IaC *Axu ^A*ol 

S ^ jA ^^ J ^ Alj J l*£ S <A*u«AAA> J ^ (^Ia k>^& 6>\} lj«*J 6^J I «i 

{ /,_C ^ L*3 ^ki Ift 9 ji i *v eK$ \ t (_C ^ k*-j Oj J j^l 3 

^.wwU£> (js “k i^aj ^*>-«! 

# s»^*el ^M>\ I,S^& ^ -ki. ,Ss <AA.j jI l«-i A.kyp Is c—I ^^jk ku 

(jk»> *r jT oLj 1 

I ^ J ^ 1^ Ijjli 6 ^1 kJi* 14 ** ^ ^ ^ **)* 

jj iS ^ AftiWii ^ 

4 J j l^»wi 4»S *tX$ ^*£r^A ^ \S% *4^ (S ■^3'*'"^' 

A^AbS *$ Ijjj . 

0 j ^ j ^ V ** k?8 f C k Q i «* 'laad^-v-ij 1 (^p ^ l ^^^*** 1 ’ 


YU 



j! I 4k2j j&p (5'Udjjb db j& «df <jpLxj 

^A,a»^ id ^>J J IJ O^iJ f ^S** 1^4 J ^a«wI lfr*jl 

^fcUjul: ^UJS U c^ld<jl jS^jj* tj db jfc i** 

I «Aa^ i<fej tr? L^a 4 & I j l J S ^ Ji A.S^ W«iUI S ^4.4* I klz/i) j3 A—!T c*dil5o! 

_ «AaS^ , 


cr 


u 


! Jff .i^ ^4 ^<<i.^> *f j»^»J ^1&4 ^ S } ^^«». ( 44f| (j£ L^«52.^^ \ (*—t J i*J 

Jj) ^ ^ IaaJ d^J 1 j^Ak£* ^ [£} t& ^ J?u ^ *^ d l^C*^ Ji I^j-I^Sk ^ t *AXJu b ~ jfib.S* J>jA-Q 

$ jJ i 3 3^ oT 45^®^ksj ^ jJ w) ji j9 (JFjJ {3^ 3 "ka* ^"^4^ ^ — jJ 3^&,£> jjjJ 

A.S" l&$ jjI 3 ^/.jk.3 ^j^s*E^^ifc clSk**^ ^j-jji 3j}.«.£ (5l&a jj 1 «* s «Aam>ma& oT (^jiAs* (5l&Akju 

j^J I aS'”' \ I _5 # \'^>i»*^VsL^p& ^ ^<).w>\ ^ Vi^j4,i^5».* .Aj j 3^ (3*^ (j? >X.£<* A Isa s oT^J 

ajjl3 J»*S3 J- 1 ^0^'^—^ i J ^4,W ^ ^ >A> {J*p Xx* J ^4^441 ! c^UejiU Aj 

9 *Aj ^ I j I j9 ^5^1*.* j 

OT iSJ^J"^ 3 %La\k ^.a) ♦ ] ° f 

jj l«6»S” Ai lj oA<o!^&a» *^,S"|^,41 A,«,8 J ^**i>Aai^! j+nyJ^ jJlAjT 4.^*^* 

,0*«i! »A.J i j ^aIsJ^ A**>. jt I 4^^X^.aJ Ja>m>t' # ^pijl** iAu& IaX-o 4^>^j lAfti <4 j O^" C^>^ U.4^ 

*^3-.^- V^Ji A*k»Aia^ 3*^ A^Si T |J|*j ^-Lj (“Ai tli.J -1? l,i.5 tdl.J A^ t^<i^*«jsi |0^^/ £jjj! j! t«*Jl/jA8»> \ $ 

.Zy.sji (5j^P oT j! li jf-i i£{4£^j* J-^b l&hjxi ^ C*&U-2A^j 3j* j\J ji c^.1 

Ajjl j j ^.0.^1 aL*^ l_S dij ^j S i Akjfj A_r *A&I j.^. jiJ l>- |*l”.fo. jj.tt.aK 4^1 ji \j&\ 

.^.<3jjj 5^J jj oT ^ 

Jf ^ 44 * I 1 IJ Jp^ ^ IaaJ Q I^Ij (Ufjte) o j^” c j j f 3 

V 3 Up ?j <S$k«l C*J jTjiJa^ Af^Ujjb A^oUa. Aijl^il^fl^k^ i j AB 

boTj.xl.at Sjj!^ j 3jl£i Pjj l& 3ijSL\ AB b 45 j! J.A jjka* ! J PQ ( .3'S ^9 

dS kAaS U AB ji 3^^s> j P jJ j lx ^jlssa. PP^_ 3 f*^«2l*$ 4 ^ 1 a.^o j3 A B k>» 
3 cl b J PR ^ tJ^b 4 baJ*.) 43 ^*^ v " } 3 S J~* IJ ^ j'S ^ ^ O ^ Jxl««.a» fi j.J 1 .i 

j^i ^jU J.st. 1 3 .x^3 o^ a Sj RPQ <sp‘3-* Aij! j Ijfjkil 

^ Cam I AaS j 

^J^ i ^ ,> ' j^« c 3 , ^* ! ^ C3 jf»o ! iAa 4 ^ i 1 ^ b J^ 

1 1 ^ di^ (Ja>^ IaaJ d ^7 Jb>» j3 £.9!J J C PR J AB Jxlato- <£ l—AdjJ^-i 



I JSj.ja.C' (j>.}LA 

I J ( I «k^» ij-i J>“« 


£j*s- ± 2 s* jj aj rK j Ad ^j j,^ 
( 0 ji 1 $ { yS^P^A ji _J P^R. 3 A/tP 

p® JjJU ^oT _^j 3 

/ j,^s Aj ^ I & ji ! ^ Ai “'3~^ ^/j"* (3’-*^^ P Q c^jl_^«e 
| 3 k^*>SC li^,A,£- ^ J Ip® D 

^«.*«! ^ijjU ^jl _p ,\P j»^ A'B' j} j*i+* j 

P'H' ^ < Ji3la^ j& js%^s i&J A* 3 ^Aj ji j 

P ; Akll j3 D' A"^ *^sb ji ksw 

1 cj? *w4 R'P'H'^jljxsb 

45jU^ P f R ; k.laj L j oi u 

^fijRWyj .aW Cu.1 

jj^U-o ^jj.a. J—i A.kij H / (1)T ji 
^ 6UU g) k <c—I A'B' 4 P'H' 

Aj_$! J d^ IAj j A^ 

N .c~l g> >; P'D'V' 

Oib<jU»> b_^>“ ®^iT 

I Jj-k 

j (So ^^•44< i I J lj 

p/T' P'T' p'T' 

k logki-, / ^7=k log^ 
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^ yr® 


P'R/ 

r 


\f T 


oT ji *$ 

PT'-r[, + tan(I-?)] 
P'S'«r[v-tan(J-?)] a 


a = k los cot 


a 


oT AtHdXl 


a 


e -a/k™tan- 

r 

„ ^ ^4 j a»X& O tr)T jt> Iaa^ J Ja' Ai S A«*,o.fc« l.£<s9.S AS”" C5 j J?‘‘' fi> “* 




* 1 ° & 

C?^■wi*U& iS ^4^ i j-O-^vO^J ^* a OL?!<,£■ iS^J^ 

^jMIiAaA ^ ^AjaS.^S l laBaA^ l a # h^3 J I ^ l jl O IftJ l ^*5^ # tw^pi^Aj 

j! -LJjLc^ <W 44 5 cf? j«^.j I ^4a«Ajj is! 4.5"aiS” ^<a.*<i I ) ^«i* lj i j 

4 Ea**a*S* 1 ^AAj Js t?. - O ^***&*A _3 ^AA.S^ li I 3 t& d I ^ 

(j£ j*,oiZ?iza „*\] jl«Aj j!^ 9 ^LadpLe (J? 1 a j b ji ^S Ji ZX***ib (j£ jXi l*« Tt s^jj W 

J J _$ I f i *X& A,a* (A^& ^ 

e O*** 1 ^.9l^J V*A£.*»I Aj,J I 
.tfjU jSCj^ A** 3*^ fijIsAil A^ A.«A*& tLL.j ^j§& A^ 

aT f . ^,<y2>2 i**) {J?^r<ySL*£ {Jp li& *h*v*\*& a5^<A£ \a*,g 

A—J A««tAiN& 0^^^ jiS^ji«4*l 3 ^3^3 J ApMfcX*& J i 

0 p~'J^ N I ^jAj l 0 Jj i J Ji ^ *\5^ ^J*. AApAAafts ^a^pImp^ 

S t,, ^ jl J ^*P ^J.<j^| O* l*i I {^ I J>— ^ ^Sl l 1 j^T dyS\ 

si^J i Jl ^ k IJ (3“^^ 4J» ^ Cao**a^'«S 

0 Aa-.S^ sJ^AAtl j ^.4a«Xy, LslU (_^lfcA«-XSA (j£ JI J ( 51 ^, 1 ^ i ^jL> p.5Cp. oT 

t Aijl^jL« tjI tXi I 


*i V f- \ V ^ (j-f Elements of Non^Euclidean Plane Geometry and Trigonometry i >UjlS" <— . ^ 


Y t \ 






. S-jZ* ^ g&> *$ W**»f ^AAi . ^ 

L^.^1 Ijiji J* .r 

.Jdl*kjw Ja^. jit . Y 

j I jB olji Ub^kli J 2>jS*^-« ji jS j! _ja.A ^S C^m I oT Jww«t 1J Jaafci . 

..ijb Ia^j j !j!_p Jail aT ! oT £ k, ,* 

.axksL a,?ci^ 

. J.J j!£ jljS <jTl^ksi-j ijS*^ j! jS <-Jl^ ^S w>*J sj l (^A^lk) (£j.***a 7=.k 49 # V 
U^>4« I ^.4 L-ii ^ lj ksLj3 ^Jg.* ./ N 

. «Art/>.4«g^ ^ Js^» t_Lj ji 3 «AamS^ ^ J ^^j[*a^«| *k>*^ 

.j^gS^-e Ajj! J c-«lj k». dk^S *Ai jta^-o lj Ajjjj *S ^«9J 

ki?cJ { 

aS*” j 9 3^ 3 3i^*4v \ j <k®» jj ^ -i 'k^ <^S ^ ® 

^3 ^k>» 3 C*m1 Ai*j b _j k*^ Aj jl j j! j& >X**m I. {£ jit«4 ^ j k 

\ 

jl <jU .«.>-^-j (The Thirteen Books of Euclid's Elements ) ^ypN '-p'uS . \ 

jL^diL <lSjt> SjUJ 1 _j .Thomas L. Heath h* j£j J <**&» k Heiberg bs»IxS" 

(Cambridge t^jj^-S' al-SdiU oijldxii Lj a_j (Macmillan Company) 

University Press) 
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I cJs^I 

s aJU Ajjlj j! yf jy £*>*& S (JpU-Sjlj A^jAZa Ajelj . w 
4 a*j u A^jfj y y^'^y a^! csbjjfj y3 ^j *^y 

* <—■***' t jra^ y ^ 5 oT jja .\ f 

ij ^ Jf^ J»^ (^**44)1 • VP 

duji *r ^X«« 1 j^ Lfrla»> Aa.& a 5^(3 b>» ka*. i y*pt.Ji i^r,j# I y* hw t.^ s^jb ® ^ ^ 

t A J y I y Js.y£i b A3j-w^ ki. U^ klib* A) e^jb bjj^ ^Sj kUljl Ak£3 

4 A*J 3 ^^ ^ j Akji^ 4 ^^* .3 $ ^ ^ 

A.* i*jj)& J3 3 JjA?o «jjb /j,-*j ^.i aITc^-mi! y *'***t j k»* jiS *b ^k-9 s ^ y 

• t— fi <V? j j-^A> 1 J fi I ^ ^ **A4'I J k^ b? w A ^ -S ^ d*k*£SJ*Q[ 

^ks jk? O? j^.} a„ f«^b k aSE.® 3 ^ks> (JCJ^ iJi**#! ^15sky ^ /V 

^ ck**# 1 b*k*tt 

^ *Xi 1 ti^-w I ^ ^ <k ^!k?tj I ^»A^Ai44t4 a *\*\ 

( kr —3 Aj y.^-A J ^ , 4r^' (3’^’*“ f *X*^ ii 6 *A« t*u i*) *A^C»‘§ Jn 2 >* *^-W ^S"** I jT 3 I 4 J a.m J£s 

# *X) I oJv^-v li^bX^E^ ks** J I y£*«i aj _^4$ (J^ 3 

A** aT Sol !j) bjj^bvX-* s^-.li« a** i-^lSC'iS’ j I , y ® 

y, 3^ Af t^*s! 43^ ^(_cb»j t^«.*slj^ ^^9L»wJ I (Q 3i»w»--o fiA*,iJb pj,Si b yt*x!k*i 0 

# 3j 53 b A*4 i ^j^i.5fi^*»^ 1 j ci^b^A ib 

AajU AjjIJ dlj a!T CU*x i bT Ajjij,JI^*U fc^U»9 Am, ^l^,ix^ jl <5 J*j\*i „ Y \ 

f«Sjb Astoj,a«^ ^-b <&£&•*»! dl ‘-""'bU <ijb 

# iXX<±U b & 3la*- y I Aaj\j A*o jib tS 

j -U-iSb jil ji ^-&b y* b»L^ ^ aS w** 6.! bT ^i^-ijl^.®. ^I^-ISCjS j! »Yt 

bl Ai^b aJ li y* U a J J1 J &£ CU**i1 (j^ f Aa I li 

mty j i 3 ^**® fA«*«bi A-&.J b y^i ^ 3 ^ J bi Aa^SIj y A»,5^ j 3 ^ f AA-cw b> 

t5iU^ p.&b 3 J cSbAjjij j b js-jj yjj cS^U aTc-«S <jT 

b 4^? j* ^ c^b ^1^ jk^ J| 1^ li ^ *A*-g lj ^ I ^ l^.'t«>^ Aj ii^l! Aaa4i b 

1 &:T I 3 AXas! j Astiv» tdj A& A ^ ^ j Lgki tsJb^ ca**j b <5b^ .YY* 

»«Jj,k ^" 2 * ^ 2 & -i ^SAL«I ^aUsaU 33 k Ai I j 


tYr 



, x 

J-^ £*Jj.<&Ai lj f&kl ^jl 

aLaI jib Aj Ak-dJ jib j| ^ka. puij . \ 

„ j_A*«il J k*» CA J Aj ^^blA^b j j\$ A^ w^-w 1 j k»» AI AH.* I . Y 

* t“ 3 J/*' J* J 1 k ^J > A jif'*' 4 '*.^ 

»Aj b AaO id {£ l& A.i_o ^ j A*.& AST ^%J I t 'p 

Af^lsLb cSUAjjI j j -X^S '/^ks !j j 5 \j- i L,r ■**''*‘A-^ 1 ^ k>, 3^ ^Jj k*. jfl a$” j,j| e £ 

^asU ^ib QiK&fi 1J (^T 1 ^ iAaiM L Axhi i? J I 4 a& k»* 01 cJ_^k dk j A 

^^ ^<4 ^ ^ 9 J A$ I A<^»$ b ^3 3^ <11 & Aj 3 ^ 3 JF^ 1a»& 3A d«^iA aIa^-^I 

u>j Ua« ^5 5-€® fi . r 

„Aj jil^j ^JoASvj b *Aa»w Ij I dL b Ar^Uj, A^« * \ 

f «AaJ L^.,& ^^.^JSvO Ife j I bL 14 A. CS b& J ^ ! e Y 

9 ^I^a- 4 i^in^ va^ *X)j^,aZ Ij! i \ ^Y^ 

^ *Aj Ij»J J b *Ai ^^OoASsJ ^3 t&^<*,gfc» 4 

* “b ;5 *~ & . 3 i t* a^ c*a«! jS’jji Ji" »& 

oi^r* SjfJr'^**^3 •T 

4 AjAi AXswb {£^jiii.^ ^&U«,4 C**«lj ks£» dk L$JJ j} ♦ \ 

{j?* 9 3 j Aa di*A»lj k». b 4<Tjl ■*«>4> ^"** 1 !j ksL (kji, (^t^il jl y.& Ai) Akaj dlj j! ,y 

a«». 1 *b 

tSJ^ HMSt jjfksh. Jji ■ b 3 »- r.A^v L l £!cAfc-u ^ ^ ^ IfW^b I ^ JaiBN. ^ ^ ® V^ 

^s« ^J .5 ^ _J 3 b A*a 4/ ) =i jfy *X b 3*^ 6 t 

jF^i^ fl*Afels b t3^" 6 «Ai»’l 9 ^A«.-*-«b 91 C l ^3^'**‘“^ l^k^w 

«mA Ua,Jj 1 J AyJii li fe^yjl jl j A 5 X3 J Ui&l J* \jl b C^i^pO J)S i 

♦ ^****^ (3 3 J 1^.)T ^aA3 <*Jt ^ aI 3- 

C> 3 ^' t4 ^^^"^ 3 "^ ^ 3 ^ Ai ^4^ b i t _^ l& A j 3 ^ j ^ ^9 Ip*«J ? t_G 3 '■■•v^./iv ci^ix^o^ ^ 

• •^ 3 * “AAfei i ^ 3 ^ jjl^J Ij oA^b ^ AJ3 1 j Aj aa!3 a!ax ^«1 

3 Ai (J'jb^ ( 3 k*k Andij t 5 jv.*«»# ajj! j 3 A ^jk»s 3 a 1 



j Jo j.Jl L (jT tsl^i ^*o) j ^ ^4 ji ^ J* *V 

((jT (jjl&xJl 3J 3!) k*. oUibjj <XXi^ ^k .5 (_>Ia]2.4.} 33 Ij 

^l.J kd 33 U 3 X*lS ^ 9 ^-j 5 ^k£j J J ^ ^ ^ 4<1 J 3NP £+**\j ks*- 3 ^ 

.Jjj^ I&Xj! dL^j ji U <df Jvdb (531 « 44-<0 ^ks*» to dk (3**" ^ b 53 
h aaA^li 3 fJJrJub &sS I3 £.1^ 3*^ 4 53■■' 4V '' 0 3*^ 3*^ d^b^st 3-i _^ ? l «A 

t j(]jjIjj aaU dx*sSj (jzj[*i£* c->**ij 5t$k=- j^jji kf 5 ^ 3 *J iSj'^- tv+A o-U. Is 

„ Jo ^kkJ tA J 31 j dJb 4JJ ^ <-kai . ^ 

# llr..3 d>»*« ! j kd dJb O^ jSkkao „ ^ o 
^jasJ* £o1^j ^Jlj Xkli dlo jl J> o 3 ^kd jJ A,*jIs ^03! 3 Aj ^kd , \ \ 

4 C^^ a i} (3^* ^ ^ ^ 31 ^ 3 db ^0 ^ 3^^ ^ ^ 

Ao.j Is ^ j 31J 3-^ OT l—0 lj 3 3^ J j 13 d-^lj k^. ji <jXJ3 Js*. j-f I . \ f 

^ i **^ .tjit a^A,j is 33 ( 53 ^'**'"^ Olf **»£‘3 J 4 ”*J (3*^ 

kO^ jk dJb j 3 aS* Jo j JiSv;- I J k^* 3 *~ I 3 k^^ ^^^3 ^kfli ^ 'p 

kd 3J tj! >Ai 3 3 i>&vi4 4 t«o Is ^.^3 i j JJ i~J {S 3 ' , * 4, - ,s JJ i^- 4 Xij) j 33 kaw Ij J 3 3 *A***ljjh 

9 3 3 J 3^A 1 3 d »d».uJ 3 ks>» dij ^5 ^j5vj JJs-j L tJJ** f 3 

(53^*"i (3^k/>-c (5 ^aAj 3^3 “d^S^^kl ■dij Ij kd 33 ^ 






Lj^A 3^ i 3 * xfj ^ ^ {3 **^ J^3^ J ^3-^ I 3^ 4 

*oT JjU-o J5I3. L3I3 33 jl 

is 33 jl dd^A jA <kzhjfp .&b 3 j&Xi ^jjI j 33 jA c-li-«j3 0 ^ y 
3*^ j ji ^Jjlj 53 j*. J 3 j )j\ £^'« s d^.i.X^ 3^ ^ A 

<, d"«i! f <sjjuj j^jji ^jU ^ 

i «Aa*.«4<& Jji pjbU ^^^^3 3 *^ jji «Y ^ 

# d 1 &m£$ Ij 

j^LjtA5Cj j^avJ Ja^* 3 *^ ^ • Y V 

■1*^ 3®*^ I nAj «A$ I *]A^a. 5 ^ ^ 42.9 ck^ivs <4 

0 J.iA3^^ ^j. 2 5srt*»j 5 3 ,,, ^ ,,, 33^ ^3 * J k>l f 0*1 A>< ^3 
^a!a4 { {J^JjA* i J -^fS A<U L Aami L^ ^ 4 i J Ij *Y Y 

J3J2 A3,$ j^.A l_j Xm*y {3Ls )jSb Ai i g . k j». 31 b 3 J I 3 (3~"^« 3*“ 


YY6 



c 5 i^ £j- dM ^J|pol <&3 tsUjjfj oT^ ^?ij £ka; 'dii ji j ^ij lai- <53 j j* .yy* 

„ y*X „4 \s ^la?ft J!^ **.& **&*»<•# 

yjj (^UajjI jjf ^£^4L«liAX*«LA"**b^t-l-s**^*^b4^-f3*4, y Ip 

.(£ y£p oJl&lijl ^U&l 3^ J*f Jji jKi S -U U ( J&i* A 4 jljji Xu\ij£'Jji(£j\«*Z* 

^ 5 sjtJ&b be I A,"*ub ^Xa^ 3^ b 3b«»»e <-» ,,ft £;^3*^ 3 *^ -t«*L*<0 j -5 ^ f V ^ 

jl 3 34 A.&I33L 3k (_£jU*,« J 3 ys$ ^i’i ji **«b .)ji 

^3 f *AX-*^b AUdlb ^43! j jA b ( - ^ 3 b *«<4 &—*''•*4 ‘*•£ 3 ' j 3^ fc -“ A b .4 3 “5 3^^ * Y 

(^X*.»! 4 , 43 ! J j3 ^.i Jjl?S,9 4,^”^*),^ G^S** ( (jj wA. 4 b (JJjLma..© yj^jj 

cpjL^ ^$0 jXp (5^*1^ iXili <_£jU,;u ajj{ j 3^ ji ^ 5 o <53^43j ^*1*? slj,*L 3 

*^3^j b ,534 1A&I33*. cS3^' vw '< 9 J*f ;4 3 ^vJi 5 ^»3®3 3 ^3^0 ^ (£ ^4*b^ b ^34 * 5 .*&I3"^' 

4 > ^3^'* w ”'® (b^b^-e (^^^ 13^3 3 > 5 3^ 3 j ?3 3^*1 -5 C^-Mi^J ka» 3*5 3J I ^ i=i/l .yv 

^ liA^J J f Jl 2 ^* ^ f € a^J 

-* 4 »< • 5 J 1.wj y* jb*. <A> 4 3^ j 3 * 5 3" 3 Ji3>~^> <J ' I y^*®!jka-y^l e YA 

^53!^ ^ij,!? dij j 3 ^43! j 3^ /I U ou* 3 J- 4 il-3 j J.dL.b ^-jjlj li 

^ ^i ^ 1 ta^*^ I ^ l*^.l 2 , 5 &^ & &.&*£ Is 2k ij lArt’W ii 

-3 ^*****^ l^Q i^ Aj jl J I J) ^ ^s *44t I J ^ O Y ^ 

Xjjlj j$ j <0 T cJ-l^ A ^J^j \> (SJ^*** *ij\j 

ft ^4bp) Is C^?3 J| ^ ^ 

^ sJk^iS ^ ^a) jSCjU^I Ij tal^* 5 l!j Jsao. dkj I4 ^ jl 3^ Ss^O^el J ^^(^.lasas # Y* O 

« 43 ^ 33 *^ O".** I j Ja»» I4 j ^ 3 -« a)^ 42,4 di -4 j i ^la». ^*®j »^ 

3 ^4 t I 3(3*^ ^ ^4 313 J** 6 » 5 ! 3 t^ 13*4 1 4*1^ j 3 /1 .f Y 

# id ji>t€$ftis 4 ? (J,^.l^»y 9 ^b ^^ 3 ^^ 3 O^ f 1 ^I-i Ajjij 

lj (l$;T 1^14^1) 45313^ j (Sj l ««4 !j ^ 3-5 u ^!j (Si^kaL .f f 

# 3^4^131.4 3 (£ 3 4jl-tS.535^ •A*xS*^Jk^>3 3^* dXjj5 

lS ^ 3 ^ J 3 kj 3 ^ 3 j cS I ^ J 1 3**-* 4,^,4 j -5 »Y*^P 

• ^-^ i 'V s " i ^ j ^•' 4 'v ^ J«A J J l^f/^A" 1 © f* & k JjiJJ 

■A43^ 4 ."».l*y 13^-o k». 33 3^3 ^A-jwls dlj 34 ^L^ 1 J^3^ .• A 

# Jv4 I j4 rt.feb 



qja-# Jaj»» jA j) j ji <tS jij**« *V*^ 

4 l ^ b lA) ^|4H Lw 

Ij lAj^'Ul AiA^Im iJA^J Jfi*. ji ji 3 ©lAiil»„f dij (£ J J ^ .f'V 

C ^)^J 1^5 

•AS J*« AX^Ias (tSJ I jX.< *&&*^i*3 ji 3 l C jii«*i*»a (C If b* .\*A 

* Jr« ^ ,^» 1 ’$*^ 

>AJU*ij &A.mi AXs^iw <jA£*1§ i*JSjh tdlj ji J <£ij a!a ^£jI«m*X.« (^l^i.Lx>e •t\ 

jIU La. ji 

j<AX.JvI j a Ami AXa*!-*# iedjh> dtaji j (^jL**^!.# ^l&,9*A£l9^J a5**(Jj jl«*«~»o cf?«^p° 

% t '-'/*$ ji J-* 
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